A

7- Washington State
 / ’ Department of Transportation

SEG 2B WALLS

NOISE WALL 6 ON
SPREAD FOOTINGS

I-405; RENTON TO BELLEVUE WIDENING AND

EXPRESS TOLL LANES PROJECT

Design Calculations:

CIP NOISE WALL ON SPREAD FOOTINGS

Prepared By: Brian Durkin
Checked By: Mike Harding
Reviewed By: Chengyu Li

MGH

Date
114/22

Originated By:
Checked By:

WPM

1/4/2022

Backchecked By:

NA

NA

NA

NA

Corrected By:
Verified By:

NA

NA

January 2022

wOoOoO.

Environment and Infrastructure Solutions
2000 S. Colorado Blvd, Ste 2-1000
Denver, CO 80222




Table of Contents

Page
LATERAL EARTH PRESSURE DIAGRAM 2
DESIGN #1: 10 FT. EXPOSED WALL HEIGHT WITH MINIMUM EMBEDMENT 3
Noise Wall Design Loading 3
Noise Wall Modal Spectrum Analysis 8
Noise Wall Concrete Stem Design 18
Noise Wall Concrete Spread Footing Design 22
DESIGN #2: 10 FT. EXPOSED WALL HEIGHT WITH MAXIMUM EMBEDMENT 25
Noise Wall Design Loading 25
Noise Wall Modal Spectrum Analysis 30
Noise Wall Concrete Stem Design 40
Noise Wall Concrete Spread Footing Design 44
DESIGN #3: 15 FT. EXPOSED WALL HEIGHT WITH MINIMUM EMBEDMENT 47
Noise Wall Design Loading 47
Noise Wall Modal Spectrum Analysis 52
Noise Wall Concrete Stem Design 61
Noise Wall Concrete Spread Footing Design 65
DESIGN #4: 15 FT. EXPOSED WALL HEIGHT WITH MAXIMUM EMBEDMENT 68
Noise Wall Design Loading 68
Noise Wall Modal Spectrum Analysis 73
Noise Wall Concrete Stem Design 83
Noise Wall Concrete Spread Footing Design 87
DESIGN #5: 15 FT. EXPOSED AND 18 FT. TOTAL WALL HEIGHT WITH MINIMUM EMBEDMENT 90
Noise Wall Design Loading 90
Noise Wall Modal Spectrum Analysis 95
Noise Wall Concrete Stem Design 104
Noise Wall Concrete Spread Footing Design 108
DESIGN #6: 15 FT. EXPOSED AND 18 FT. TOTAL WALL HEIGHT WITH MAXIMUM EMBEDMENT 111
Noise Wall Design Loading 111
Noise Wall Modal Spectrum Analysis 116
Noise Wall Concrete Stem Design 126
Noise Wall Concrete Spread Footing Design 130
DESIGN #7: CONCRETE PROTECTIVE FENCE (CPF) WITH MINIMUM EMBEDMENT 133
CPF Design Loading 133
CPF Modal Spectrum Analysis 138
CPF Stem Design 147
CPF Footing Design 154
DESIGN #8: CONCRETE PROTECTIVE FENCE (CPF) WITH MAXIMUM EMBEDMENT 154
CPF Design Loading 154
CPF Modal Spectrum Analysis 159
CPF Stem Design 168

CPF Footing Design 172



v |FILL AT BACKFACE
: A (4 FT. MAX DIFFERENTIAL*)

C.I.P. NOISE WALL

FINISHED GRADE (FRONT FACE) .

TRIANGULAR

O PRESSURE
TG DISTRIBUTION
S

\( (EARTH)

EARTH PRESSURE, EH
*DIFFERENTIAL = NET HEIGHT BETWEEN FINISHED GRADE AT FRONT FACE AT BACK FACE.

(A) STRENGTH LIMIT STATE EARTH PRESSURES

-

= |-

AN

R

W .., |FILL AT BACKFACE

3 W, (4 FT. MAX DIFFERENTIAL¥)

Z ‘A"'b';

g

St

N RECTANGULAR

PRESSURE
DISTRIBUTION
(SEISMIC)

TOTAL SEISMIC FRESSURE, EQ

(B) EXTREME EVENT | LIMIT STATE EARTH FRESSURES



JOB NO. PS19203160 SHEET lof5
JOB NAME I-405 - Renton to Bellevue Design-Build
woo Supervisor WPM TASK CIP Noise Wall 6
¢ BY RUK DATE 12/21/2021
CHK'D. BY MGH DATE 12/22/2021

Preliminary Analysis for:
Cast-In-Place Concrete Noise Wall on Footing
Maximum Total Wall Height = 12.0' with Minimum Embedment

DESIGN CRITERIA:

- WSDOT Bridge Design Manual, July 2019

- AASHTO LRFD 8th Edition

- Geotechnical Engineering Report: Soldier Pile Wall 10.35L and Noise Wall 6

DESIGN ASSUMPTIONS:

- Exposed Wall Height is maximum 10' front face and 8' back face.

- Noise Wall Wall is supporting 2' of fill.

- Seismic design is based on WSDOT BDM 8.2.2 and AASHTO LRFD 4.7.4.3.3.

- Noise Wall Dimensions are based on WSDOT Bridge Manual for Non-Standard Walls, page 8-23.
- Wind load is considered.

- Seismic soil forces are considered.

- Seismic internal wall forces are considered.

- Moment is positive with right hand rule at bottom center of footing. Right of center is positive,
Left of center is negative.

Try:
Footing Width = 6.42 ft
Footing Thickness = 1.00 ft
Wall Height = 12.00 ft
Exposed Wall Height = 10 ft
Wall Thickness = 1.000 ft - Includes form liner on each face
Footing Toe Width = 2.708 ft
Footing Heel Width = 2.708 ft

DEAD LOAD (DC):

Loads based on linear foot of wall

Moment
Shape Arm @ CL
Iltem Density Length | Thickness | Factor Area Weight | of Footing | Moment
kef ft ft ft’ KIf ft k*ft
Noise Wall 0.150 12 1.00 1 12.00 1.80 0.00 0.00
Footing 0.150 6.4 1.00 1 6.42 0.96 0.00 0.00
Totals = 2.76 0.00
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VERTICAL SOIL LOAD (EV):
Loads based on linear foot of wall
Moment
Shape Arm @ CL
Item Density Width Height Factor Area Weight | of Footing | Moment
kef ft ft ft? KIf ft k*ft
Toe 0.130 2.71 2.00 1 5.42 0.70 -1.85 -1.31
Heel 0.130 2.71 4.00 1 10.83 1.41 1.85 2.61
Totals = 2.11 1.31

HORIZONTAL SOIL LOAD (EH):

EH = (1/2)*Ka*Y*H?

- Not required when seismic soil is being included. (AASHTO C11.6.5.1)

[0) 38 degrees
kIf Ka 0.24
ft Y= 0.13 kcf
k*ft H= 2.00 ft

8.00 = Exposed Noise Wall Height at the Back Face

(AASHTO 3.8.1.2.4)

(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table €3.8.1.2.1-1)
(AASHTO 3.8.1.2.1)
(AASHTO Table 3.8.1.2.1-1)
(AASHTO Table 3.8.1.2.1-2)

EH = 0.06
Moment Arm @ B/Footing = 0.67
Moment = 0.04
WIND LOAD (WS):
P, = 2.56X10 **V2*K,*G*C,,
Vstr = 110 mph
Vsmryv= 80 mph
Vsery 1= 70 mph
Ky sra= 0.71
Kz_serv= 1.0
G= 0.85
Co= 1.2
7=
P, stru= 0.022 ksf
P, stav= 0.012 ksf
P, serv = 0.013 ksf
Py = P,*Z

Moment Arm @ B/Footing = 9.4

(AASHTO 3.8.1.2.4)
ft



JOB NO. PS19203160 SHEET 3of5

JOB NAME I-405 - Renton to Bellevue Design-Build
woo Supervisor WPM TASK CIP Noise Wall 6
¢ BY RUK DATE 12/21/2021
CHK'D. BY MGH DATE 12/22/2021
Linear feet of Wall
Pw Moment
kIf k*ft
STR Il 0.18 1.7
STRV 0.09 0.9
SERV | 0.10 1.0
- Py is aline load applied at 0.55*Z from the top of roadway. (AASHTO 3.8.1.2.4)

- Moment Arm is from the top of the retaining wall.
= 0.55*(Noise Wall Height + Traffic Barrier Height) + Slab Thickness

SEISMIC ACTIVE EARTH PRESSURES (EQy;):

Pseis = Pae LRFD 11.6.5.1
P.is= 0190 kI P..is is applied 1/3 height of soil.
Pae = 0.190 klf LRFD 11.6.5.3-2

Pae = 0.5%Y*K :*h?

- Monobe-Okabe Analysis LRFD A11.3.1

Figure All.3.1-1—Mononobe-Okabe Method Force Diagrams

g 000 By, 'Im':"_mmm_ﬁ“f’__i! (A113.1-1)
cos 84 cos Poos{B+ B+ By, ) Yeos(6+B+6, cos(i-F) |
where:
K=  selsmuc active earth pressure coefficient (dim)
¥ = unitweight of so1l (kef)
H = height of wall (ff)
h = height of wall at back of wall beel censidermg height of slopmg surcharge, if present (ft)
g = frcton angle of setl (degrees)
B = are tan [k/(1 — KJ] (degrees)
& = wall backfill mterface friction angle (degrees)
ky = honzontal serzmic acceleration coefficient (dim )
k, = werical seismic aceeleration coefficient (dim )
i /= ’backfill slope angle (dezrees)
B = :lope of wall to the verhical negative as shown (degrees)
Kag = 0.732 ™
Y= 0.42 $=|. sin(¢+8)sin(¢p—6,,, —7)
Yo = 0.130 o= cos(8+PB+6,0 )cos(i—P)
sol :
H= 2.0 ft Height of soil and footing
$= 38.00 degrees
0= 26.4 degrees
6=2/3*b = 25.3 degrees
ki, = 1.0%kpo = 0.497 Note: 0.5*kh0=0.249, by using 1.0*kho this increased the Extreme Event Moment by 0% and the
Ko A= 0.497 Lateral load by 10%. This small increase does not affect the outcome of the calc.
ho = Ms = d
k, = 0.0
= 0.0 degrees
B= 0.0 degrees
Moment Arm @ B/Footing = 0.67 ft

Moment = 0.1 k*ft




JOB NO. PS19203160 SHEET 40of 5
JOB NAME I-405 - Renton to Bellevue Design-Build
woo Supervisor WPM TASK CIP Noise Wall 6
¢ BY RUK DATE 12/21/2021
CHK'D. BY MGH DATE 12/22/2021
SEISMIC FORCES ON WALL (EQ,.y): (See Attached Calc)
Shear at base of wall = 1.0 k
Moment on wall = 8.7 k*ft
LOAD SUMMARY
Force
Load Vertical Lateral Moment
P, (kips) Py (kips) (kips)
DC 2.8 0.0
EV 2.1 1.3
EH 0.1 0.1
WSsrq i 0.18 1.7
WSerny 0.09 0.9
WSsery | 0.10 1.0
EQqy; 0.2 0.1
EQuai 1.0 8.7
Calculate Bearing Pressure
Load Combinations (AASHTO Table 3.4.1-1)
s - Force Moment

Load Combination Vertical Lateral e B' o,

P, (kips) | Py (kips) (kips) ft ft ksf
STRENGTH III: 1.25DC+1.5EH+1.0(EV+WS) 5.6 0.3 3.1 0.6 5.3 1.05
STRENGTH V: 1.25DC+1.5EH+1.0(EV+WS) 5.6 0.3 2.3 0.4 5.6 1.00
EXT EVENT I: 1.0(DC+EV+EQ o +EQy) 4.9 1.2 10.1 2.1 2.3 2.16
SERVICE I: 1.0(DC+EV+EH+WS) 4.9 0.2 2.3 0.5 5.5 0.89

Eccentricity = e =M/P,
B= 6.42 ft B'=B-2e

The vertical stress shall be calculated as follows:

_xr

Gv
B—-2e

(11.6.3.2-1)
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Check Eccentricity Limits
- The location of the resultant is limited to the middle two-thirds of the width of the foundation.

(AASHTO 11.6.3.3)

Coeffient of Friction = tan ¢;= 0.78

(AASHTO €3.11.5.3)

emax = B/3 2.14 ft
o : Force Moment
Load Combination Vertical Lateral e Middle
P, (kips) | Py (kips) (kips) ft Two-Thirds
STRENGTH IlI: 0.9DC+1.5EH+1.00(EV+WS) 4.6 0.3 3.1 0.6 Yes OK
STRENGTH V: 0.9DC+1.5EH+1.00(EV+WS) 4.6 0.3 2.3 0.4 Yes OK
EXT EVENT I: 1.0(DC+EH+EV+EQ.,+EQ,,.;) 49 1.2 10.1 2.1 Yes |OK
SERVICE I: 1.0(DC+EV+EH+WS) 4.9 0.2 2.3 0.5 Yes OK
Check Sliding (AASHTO 10.6.3.4 and AASHTO 11.5.6)
Force
Load Combination Vertical Lateral ¢1Rt  |Is Rt>Vx?
P, (kips) | Py (kips) kips

STRENGTH Ill: 0.90DC+1.5EH+1.00(EV+WS) 4.6 0.3 2.9 Yes OK
STRENGTH V: 0.9DC+1.5EH+1.00(EV+WS) 4.6 0.3 2.9 Yes OK
EXT EVENT I: 1.0(DC+EH+EV+EQ +EQ,,.1) 49 1.2 3.0 Yes |OK
SERVICE I: 1.0(DC+EV+EH+WS) 4.9 0.2 3.0 Yes OK

Sliding Resistance = ¢;Rt = ¢7CP, tan d¢ (AASHTO 10.6.3.4-2)

$;=0.8 (AASHTO Table 10.5.5.2.2-1)
c=1.0
odf= 38 degrees
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SOUND BARRIER DESIGN FORCE
NOISE BARRIER CIP WALL TYPE GEOMETRY
Wall Length L= 1 ft
Wall/Wall Height H= 12 ft
Wall Thickness T= 12 in
MATERIALS
Wall Concrete f' = 4 ksi
Ye = 0.15 kef
E.= 4266 ksi
Reinforcing Steel f, = 60 ksi
Es= 29000 ksi
DEAD LOAD
Weight of Wall
Vertical Dead Load D= 1.80 kips

SEISMIC FORCE
Seismic design shall be in accordance with AASHTO LRFD Article 3.10.2.1-General Procedure, considering site class D:
a. Modal analysis shall be performed for the first 4 periods. Elastic seismic response coefficient Csm shall be computed for each
modal period in accordance with LRFD Article 3.10.4.2 and all 4 Csm coefficients shall be combined through the SRSS method.
b. The resultant seismic force shall be considered to act at a height of 0.71H above the top of the shaft,
where H is the total height measured from the top of the Wall to the top of the shaft. -

Structural Modeling
Modeling the column as a cantilever beam

The mass of column and ajacent panels is uniformly distributed along the column

Uniform Weight w= 0.15 kips/ft

Uniform Mass m= 0.0004 z
Column I= 1728 in®
Modulus E= 4266 ksi

Gravity g= 386 in/sec”
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Modal Analysis
Uar Pq Us, P3 Uy, P, Uy, P1
1/4mL l 1/4mL l 1/4mL El, m 1/8mL
1/4L L 1/4L ;l . 1/4L ’ 1/4L
> g
L » |
X
Flexibility Matrix
P1= 1
X u
U 0.00 0.33333333
u, 0.25 0.21093750
Uz 0.50 0.10416667
Uy 0.75 0.02864583
P2 = 1
a= 0.25
b= 0.75
X u
u; 0.00 0.2109375
u, 0.25 0.1406250
Uz 0.50 0.0729167
Uy 0.75 0.0208333
P3 = 1
a= 0.5
b= 0.5
X u
U 0 0.104166667
u, 0.25 0.072916667
usz 0.5 0.041666667
Uy 0.75 0.013020833
Ps = 1
a= 0.75
b= 0.25
X u
U 0.00 0.028645833
u, 0.25 0.020833333
Uz 0.50 0.013020833
Uy 0.75 0.005208333
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Flexibility Matrix
p;=1 p=1 p3=1 p,=1
u; = L3/EI* 0.3333 0.2109 0.1042 0.0286
u, = L3/EI* 0.2109 0.1406 0.0729 0.0208
Uz = L3/EI* 0.1042 0.0729 0.0417 0.0130
Uy = L3/EI* 0.0286 0.0208 0.0130 0.0052
Stiffness Matrix K
EI/L3 102.928 -233.567 166.268 -47.505
EI/L3 -233.567 633.402 -613.608 285.031
EI/L3 166.268 -613.608 918.433 -756.124
EI/L3 -47.505 285.031 -756.124 1203.464
K= 254.116 -576.649 410.496 -117.284
-576.649 1563.793 -1514.925 703.707
410.496 -1514.925 2267.500 -1866.778
-117.284 703.707 -1866.778 2971.207
Mass Matrix M
1/8mL 0 0 0
0 1/4mL 0 0
0 0 1/4mL 0
0 0 0 1/4mL
M= 0.000582902 0 0 0
0 0.001165803 0 0
0 0 0.001165803 0
0 0 0 0.001165803

10
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First Mode
w, K-w,”*M
6185.414 250.511 -576.649 410.496 -117.284
-576.649 1556.582 -1514.925 703.707
410.496 -1514.925 2260.289 -1866.778
-117.284 703.707 -1866.778 2963.996
Det(K-wnz*M)=0 0.00007 goal seek (Set cell: Det(K-wnz*M), To value: 0, By changing cell: wlz)
o= 78.647 |rad/sec T, = |0.080 |sec
Second Mode
w, K-w,”*M
213692.70 129.5545743 -576.649 410.496 -117.284
-576.649 1314.669 -1514.925 703.707
410.496 -1514.925 2018.376 -1866.778
-117.284 703.707 -1866.778 2722.083
Det(K-wnz*M)=0 0.000613373 goal seek (Set cell: Det(K-wnz*M), To value: 0, By changing cell: wlz)
o,= 462.269 |rad/sec To= lo.014 Jsec
Third Mode
wa K-w,”*M
1498532.78 -619.381 -576.649 410.496 -117.284
-576.649 -183.201 -1514.925 703.707
410.496 -1514.925 520.506 -1866.778
-117.284 703.707 -1866.778 1224.213
Det(K-wnz*M)=0 -0.000817904 goal seek (Set cell: Det(K-wnz*M), To value: 0, By changing cell: le)
o= 1224.146 |rad/sec Ts= |o.005 Jsec
Fourth Mode
w2 K-w,”*M
4552573.24 -2399.586 -576.649 410.496 -117.284
-576.649 -3743.611 -1514.925 703.707
410.496 -1514.925 -3039.904 -1866.778
-117.284 703.707 -1866.778 -2336.197
Det(K-wnz*M)=0 -0.079570 goal seek (Set cell: Det(K-wnz*M), To value: 0, By changing cell: le)
0= 2133676 |rad/sec 7= |0.003 |sec

11
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Summary
Mode  (rad/sec) T (sec)
1 78.647 0.080
2 462.269 0.014
3 1224.146 0.005
4 2133.676 0.003
NATURAL PERIODS By Equation
; K, [EIg
n = —
27 wi?
T, =1/f, o, =21/T,
First Mode Ky = 3.52
Second Mode Ky = 22.03
Third Mode Ks = 61.7
Fourth Mode Ky = 120.9
g= 386
Mode Natural Frequency Natural period Natural Frequency
f,, (Hz) T, (second) ®, (Rad/Sec)
1 12.876 0.078 80.901
2 80.676 0.012 506.899
3 225.950 0.004 1419.687
4 442.745 0.002 2781.849
First Mode
K-wle 250.511 -576.649 410.496 -117.284
-576.649 1556.582 -1514.925 703.707
410.496 -1514.925 2260.289 -1866.778
-117.284 703.707 -1866.778 2963.996
0.0030259 0.0029901 0.0011648 -577
0.0029901 0.0038767 0.0017317 410
0.0011648 0.0017317 0.0011515 -117
Mode Shape Plot
o = 1 0 1.000
0.654 0.250 0.654
0.336 0.500 0.336
0.096 0.750 0.096
1.000 0.000
First Mode Shape
1.500
1.000
0.500
0.000
0 0 0 1 1 1 1

12
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Secod Mode
K—WZZM 129.555 -576.649 410.496 -117.284
-576.649 1314.669 -1514.925 703.707
410.496 -1514.925 2018.376 -1866.778
-117.284 703.707 -1866.778 2722.083
-0.0032156 -0.0044971 -0.0022528 -576.649
-0.0044971 -0.0049345 -0.0022215 410.496
-0.0022528 -0.0022215 -0.0005737 -117.284
Mode Shape Plot
&= 1 0 1.000
-0.272 0.250 -0.272
-0.828 0.500 -0.828
-0.454 0.750 -0.454
1.000 0.000
Second Mode Shape
2.000
0.000
0 1 1 1
-2.000
Third Mode
K-w32M -619.381 -576.649 410.496 -117.284
-576.649 -183.201 -1514.925 703.707
410.496 -1514.925 520.506 -1866.778
-117.284 703.707 -1866.778 1224.213
-0.0019850 0.0003771 0.0017160 -576.649
0.0003771 -0.0005015 -0.0009815 410.496
0.0017160 -0.0009815 -0.0016662 -117.284
Mode Shape Plot
¢ = 1 0 1.000
-1.098 0.250 -1.098
0.308 0.500 0.308
1.197 0.750 1.197
1.000 0
Third Mode Shape
2.000
0.000
0 0 1 1 1 1
-2.000

13
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Fourth Mode
K—w42M -2399.586 -576.649 410.496 -117.284
-576.649 -3743.611 -1514.925 703.707
410.496 -1514.925 -3039.904 -1866.778
-117.284 703.707 -1866.778 -2336.197
-0.0013429 0.0018018 -0.0018443 -576.649
0.0018018 -0.0030633 0.0029906 410.496
-0.0018443 0.0029906 -0.0033732 -117.284
Mode Shape Plot
Oy = 1 0 1.000
-1.730 0.250 -1.730
2.647 0.500 2.647
-2.687 0.750 -2.687
1.000 0.000
Fourth Mode Shape
5.000
0.000 °
0 0 0 1 1 1 1
-5.000
Mode Shape Matrix 1.000 1.000 1.000 1.000
0.654 -0.272 -1.098 -1.730
0.336 -0.828 0.308 2.647
0.096 -0.454 1.197 -2.687
Transpose Mode Shape Matrix 1.000 0.654 0.336 0.096
1.000 -0.272 -0.828 -0.454
1.000 -1.098 0.308 1.197
1.000 -1.730 2.647 -2.687
Generalized Mass 0.0006 0.0008 0.0004 0.0001
0.0006 -0.0003 -0.0010 -0.0005
0.0006 -0.0013 0.0004 0.0014
0.0006 -0.0020 0.0031 -0.0031
M, = 0.001 0.000 0.000 0.000
0.000 0.002 0.000 0.000
0.000 0.000 0.004 0.000
0.000 0.000 0.000 0.021
Generalized Stiffness 3.605 4.717 2.423 0.691
124.562 -67.874 -206.318 -113.210
873.497 -1918.505 538.408 2091.179
2653.702 -9183.569 14049.965 -14259.577

14
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K, = 7.571 0.000 0.000 0.000
0.000 365.368 0.000 0.000
0.000 0.000 5649.457 0.000
0.000 0.000 0.000 94049.609
Verify Natural Frequency
Mode () Eigen Value Equation
1 78.647 78.647 80.901
2 462.269 462.269 506.899
3 1224.146 1224.146 1419.687
4 2133.676 2133.676 2781.849
Generalized Force P, 0.000582902 0.000762528 0.000391655 0.000111764
0.000582902 -0.000317626 -0.000965489 -0.000529781
0.000582902 -0.001280255 0.00035929 0.001395485
0.000582902 -0.002017226 0.003086159 -0.003132202
Directional Vector 1 0.001848849
1 -0.001229995
1 0.001057421
1 -0.001480367
P, 1.5106
-0.7194
0.2805
-0.0717

15
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SEISMIC DESIGN PARAMETERS

Peak Ground Acceleration

Spectral Acceleration at 0.2 Second
Spectral Acceleration at 1 Second
Site Class

Site Factors:

Response Spectrum

ELASTIC SEISMIC RESPONSE COEFFICIENT C,,,

AASHTO LRFD Article 3.10.4.2

For periods less than or equal Ty:

0.422
0.959
0.278

1.178
1.116
2.044
1.070
0.568
0.531
0.106
0.497

For mode m, the elastic seismic response coefficient = Gy, = Ag + (Sps — As) (T / To)
For periods greater than Ty and less than or equal T : Cq,, = Sps
For periods greater than T, : Co = Spy / Ty

Mode o (rad/sec) T (sec) Com Coisp
1 78.647 0.080 0.928 0.08751
2 462.269 0.014 0.570 -0.00074
3 1224.146 0.005 0.525 0.00004
4 2133.676 0.003 0.513 0.00000
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MODAL SPECTRUM ANALYSIS
Modal Displacements
Mode 1 Mode 2
o = ul ) = u2
1.000 0.08751 1.000 -0.00074
0.654 0.05724 -0.272 0.00020
0.336 0.02940 -0.828 0.00061
0.096 0.00839 -0.454 0.00034
Mode 3 Mode 4
O3 = u3 4 = ud
1.000 0.00004 1.000 -0.000003
-1.098 -0.00004 -1.730 0.000005
0.308 0.00001 2.647 -0.000008
1.197 0.00005 -2.687 0.000008
Total Displacements
u; = 0.09 in
u, = 0.06 in
Uz = 0.03 in
Uy = 0.01 in
Modal Base Shear
Mode 1 Mode 2 Mode 3 Mode 4
Vi 0.316 -0.092 0.033 -0.008
V, 0.413 0.050 -0.073 0.029
V3 0.212 0.153 0.020 -0.044
V, 0.060 0.084 0.079 0.044
Total 1.001 0.195 0.060 0.021
Base Shear
SRSS 1.02 kips

Base Moment 8.70 kips-ft
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Stem Strength Design
Parameters
f,= 60 ksi WSDOT BDM 5.1.2/AASHTO 5.5.3.2
f.= 4 ksi WSDOT BDM 5.1.1.B.2
Arch. Treatments = 2 in
h= 10.00 in
b= 12 in
cover = 2 in
Rebar # = 8
Rebar Diameter = 1lin
Spacing = 12 in
n= 8
O- 0.90 AASHTO 5.5.4.2
b, = 0.90 AASHTO 5.5.4.2
Check Moment Strength:
Mu = 10.08 k-ft Extreme Event
M(service) = 2.31 k-ft Service |
D= 0.90
# of rebar = 1.00
Rebar Area = 0.79 in’
As= 0.79 in®

d = h-cover-(Rebar Diameter/2)

d= 7.50 in
B, = 0.85

a = (As*fy)/(0.85*fc*Db)
a= 1.16 in
c=a/p;

c= 1.37 in

®OMn = O*As*fy*(d-a/2)
OMn = 24.60 k-ft
®Mn > Mu ? YES

Check Min. Reinforcement: (LRFD 5.6.3.3)
fr = 0.37*SQRT(fc)

fr= 0.74 ksi
Sx = b*h’/6
Sx = 200 in®
1.6 * Mcr = 1.6*fr*Sx
1.6* Mcr = 20 kips-ft
1.33*Mu = 13 kips-ft

®Mn > MIN(1.6*Mcr,1.33*Mu ? YES

AASHTO 5.6.2.2

AASHTO Eqgn. 5.6.3.1.2-4

AASHTO 5.6.3.2
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Check Crack Control: (LRFD 5.6.7)
p = As/(b*d)
p= 0.00878
p*n = 0.07022
k= SQRT(pn2+ 2*pn)-pn
k= 0.31106
i=1-(k/3)
j= 0.896
fs = M(service)/(As*j*d)
fs = 5.22 ksi
0.6*fy = 36 ksi
fs <= 0.6*fy OKAY

Check if tension in cross-section exceeds 80% of modulus of rupture

fr = 0.24*SQRT(f'c)

fr= 0.48 ksi
0.8*fr = 0.38 ksi

fT = M(service)/Sx

fT = 0.14 ksi

fT > 0.8*fr

DOES NOT EXCEED

Shrinkage and Temperature Reinforcement (LRFD 5.10.6)

A, >= 1.3*b*h/(2*(b+h)*f,)

B = 0.11in’
Simox = 15 in
Try Bar # = 4
Apar = 0.20 in®
Spacing = 15 in
As = 0.16 in’/ft

OKAY
OKAY
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Wall Shear Design (LRFD 5.7)
b, = 0.90
Vu = 1.12 kips
Shear Bar = 4
Area per Bar = 0.20 in’
Legs per Bar = 2
Av = Area per Bar * Legs per Bar
Av = 0.4 in’

Sma= Min (d/2, 24in)
St 3.75in

Vc= 2*SQRT(f'c)*b*d

Vc= 11.38 kips
Req'd Vn=Vu/d,
Reqg'd Vn= 1.25 kips
Vc>Req'dVn? Shear Steel Not Required

$Vn = p(Vc+Vs) >=Vu
$Vn = 10 OKAY

Development Length of Hooked Rebar in Stem and Grade Beam (LRFD 5.10.8.2.1a):

lgp = 2.4%dy*f,/SQRT(f'.)

lgp = 72 in
A= 1.0 for normal weight concrete
A= 1
A, = reinforcement location factor, 1.3 if more than 12" concrete below reinf.
A= 1
A= coating factor
A= 1
dy = 1
¢, = MIN(cover,bar spacing/2)
Cp= 2
ki, = cross-sect area of transv reinf.
ker = 0
A= reinforcement confinement factor, dy/(cy+k;)
A= 0.5
AS cqurea= (MU/B)/(f,*(d-a/2))
ASrequired = 0.32in’
A, = 1.0 for seismic-force-resisting systems
Aer= 1.00

Id = Idb *(}‘rl*)\cf*)\rc*)\er)/)\
= 36.00 in
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Vertical Flexural Rebar to be Lapped with Hooked Rebar Design (AISC 14th Ed. Table 3-23-19):

Miax = M,

Moo = 10.08 kip-ft
L = Height of Noise Wall
L= 12.00 ft
W= 2*M,,,, /L
W= 0.14 kip/ft

x = Height of Noise Wall -Development Length of Hooked Rebar

X= 9.00 ft
M, = WhC/2
M ooy = 5.67 kip-ft
®- 0.90
Try Rebar Size 6
Try Spacing 12.00 in
# of rebar = 1.00
Rebar Area = 0.44 in’
As= 0.44 in’

d = h-cover-(Rebar Diameter/2)

d= 7.50 in
B, = 0.85

a = (As*fy)/(0.85*fc*b)
a= 0.65 in
c=a/B,

c= 0.76 in

OMn = O*As*fy*(d-a/2)
OMn = 14.21 k-ft
®Mn > Mu ? YES
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Footing Strength Design
Parameters
fy = 60 ksi WSDOT BDM 5.1.2/AASHTO 5.5.3.2
f.= 4 ksi WSDOT BDM 5.1.1.B.2/BDM 7.1.5
h= 12 in
b= 12 in
cover = 3in AASHTO 5.10.1
Rebar # = 6
Rebar Diameter = 0.75 in
Spacing = 12 in
n= 8
O- 0.90 AASHTO 5.5.4.2
b, = 0.90 AASHTO 5.5.4.2
Check Moment Strength:
Oextr = 2.14 ksf Max bearing pressure applied
Osery = 0.89 ksf Service Load bearing pressure
L= 2.71 ft Heel of Footing Length
Mu = g*L*/2
Mu = 7.83 k-ft Extreme Event
M(service) = 3.27 k-ft Service 1
O- 0.90
# of rebar = 1.00
Rebar Area = 0.44 in’/ per bar
As= 0.44 in’

d = h-cover-(Rebar Diameter/2)

d= 8.63 in
Bi= 0.85 AASHTO 5.6.2.2
a = (As*fy)/(0.85*fc*b)
a= 0.65 in
c=a/B; AASHTO Egn. 5.6.3.1.2-4
c= 0.76 in
OMn = O*As*fy*(d-a/2) AASHTO 5.6.3.2
OMn = 16.44 k-ft

®Mn > Mu ? YES
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Check Min. Reinforcement: (LRFD 5.6.3.3)
fr = 0.37*SQRT(fc)

fr= 0.74 ksi

Sx = b*h’*/6

Sx = 288 in’
1.6 * Mcr = 1.6*fr*Sx
1.6 * Mcr = 28.42 kips-ft
1.33 * Mu = 10 kips-ft

®Mn > MIN(1.6*Mcr,1.33*Mu) ? YES

Check Crack Control: (LRFD 5.6.7)

p = As/(b*d)
p= 0.00425
p*n = 0.03401
k= SQRT(pn2+ 2*pn)-pn
k= 0.22900
j=1-(k/3)
j= 0.924
fs = M(service)/(As*j*d)
fs = 11.19 ksi
0.6*fy = 36 ksi
fs <= 0.6*fy OKAY

Check if tension in cross-section exceeds 80% of modulus of rupture
fr = 0.24*SQRT(f'c)

fr= 0.48 ksi
0.8*fr = 0.38 ksi
fT = M(service)/Sx
fT = 0.14 ksi
fT > 0.8*fr DOES NOT EXCEED

Shrinkage and Temperature Reinforcement (LRFD 5.10.6)
A, >= 1.3*b*h/(2*(b+h)*f,)

ASin = 0.11 in’
Srmax = 18 in
Try Bar # = 4
Apar = 0.20 in’
Spacing = 18 in OKAY
As = 0.13 in’/ft OKAY
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Footing Shear Design (LRFD 5.7)
b, - 0.90
Footing Width = 6.42 ft
Stem Width = 1.00 ft
Critical Section = Ls = (Footing Width -Stem Width)/2-d
Ls = 1.99 ft
Vu = g*Ls
Vu = 4.25 kips
Shear Bar = 5
Area per Bar = 0.44 in’
Legs per Bar = 2
Av = Area per Bar * Legs per Bar
Av = 0.88 in’
Smax= Min (d/2, 24in)
Sma= 431 in
Vc= 0.0316*B*A*V(f)*b*d,  LRFD5.7.3.3-3
A= 1 LRFD 5.4.2.8
B= 2 LRFD 5.7.3.4
d, = MAX(0.9*d,0.72*h)
d, = 8.64 in
Vc= 13.11 kips
Req'd Vn=Vu/d,
Req'd Vn= 4.72 kips
Vc >Req'dVn? Shear Steel Not Required

éVn = ¢(Vc+Vs) >= Vu
GVn = 12 OKAY
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Preliminary Analysis for:
Cast-In-Place Concrete Noise Wall on Footing
Maximum Total Wall Height = 12.0' with Maximum Embedment

DESIGN CRITERIA:

- WSDOT Bridge Design Manual, July 2019

- AASHTO LRFD 8th Edition

- Geotechnical Engineering Report: Soldier Pile Wall 10.35L and Noise Wall 6

DESIGN ASSUMPTIONS:

- Exposed Wall Height is maximum 10' front face and 8' back face.

- Noise Wall Wall is supporting 2' of fill.

- Seismic design is based on WSDOT BDM 8.2.2 and AASHTO LRFD 4.7.4.3.3.

- Noise Wall Dimensions are based on WSDOT Bridge Manual for Non-Standard Walls, page 8-23.

- Wind load is considered.

- Seismic soil forces are considered.

- Seismic internal wall forces are considered.

- Moment is positive with right hand rule at bottom center of footing. Right of center is positive, Left of center is ni

Try:
Footing Width = 6.42 ft
Footing Thickness = 1.00 ft
Wall Height = 12.00 ft
Exposed Wall Height = 10 ft
Wall Thickness = 1.000 ft - Includes form liner on each face
Footing Toe Width = 2.708 ft
Footing Heel Width = 2.708 ft

DEAD LOAD (DC):

Loads based on linear foot of wall

Moment
Shape Arm @ CL
Iltem Density Length Thickness Factor Area Weight | of Footing | Moment
kef fit ft t? KIf ft k*ft
Noise Wall 0.150 12 1.00 1 12.00 1.80 0.00 0.00
Footing 0.150 6.4 1.00 1 6.42 0.96 0.00 0.00
Totals = 2.76 0.00
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VERTICAL SOIL LOAD (EV):
Loads based on linear foot of wall
Moment
Shape Arm @ CL
Item Density Width Height Factor Area Weight | of Footing | Moment
kef fit ft ft? KIf ft k*ft
Toe 0.130 2.71 3.25 1 8.80 1.14 -1.85 -2.12
Heel 0.130 2.71 6.50 1 17.60 2.29 1.85 4.24
Totals = 3.43 2.12

HORIZONTAL SOIL LOAD (EH):

EH = (1/2)*Ka*Y*H?

EH = 0.16 kIf Ka
Moment Arm @ B/Footing = 1.08 ft
Moment = 0.2 k*ft H=
WIND LOAD (WS):
P, = 2.56X10 °*V**K,*G*C,
Vstr = 110 mph
Vsmry= 80 mph
Vsery 1= 70 mph
Ky ste= 0.71
KZﬁSERV= 1.0
G= 0.85
Cp= 1.2
Z= 5.50 = Exposed Noise Wall Height at the Back Face
2 ST 0.022 ksf
P, strv= 0.012 ksf
Rl 0.013 ksf
Pw = P,*Z
Moment Arm @ B/Footing = 10.5 ft

- Not required when seismic soil is being included. (AASHTO C11.6.5.1)

38 degrees
0.24
0.13 kef
3.25 ft

(AASHTO 3.8.1.2.4)

(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table €3.8.1.2.1-1)
(AASHTO 3.8.1.2.1)
(AASHTO Table 3.8.1.2.1-1)
(AASHTO Table 3.8.1.2.1-2)

(AASHTO 3.8.1.2.4)
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Linear feet of Wall
Pw Moment
kif k*ft
STR Il 0.12 13
STRV 0.07 0.7
SERV | 0.07 0.7
- Py is aline load applied at 0.55*Z from the top of roadway. (AASHTO 3.8.1.2.4)

- Moment Arm is from the top of the retaining wall.
= 0.55*(Noise Wall Height + Traffic Barrier Height) + Slab Thickness

SEISMIC ACTIVE EARTH PRESSURES (EQy;):

Peis = Pae LRFD 11.6.5.1
P.is= 0.503 kI P..is is applied 1/3 height of soil.
Pae = 0.503 klf LRFD 11.6.5.3-2

Pae = 0.5%Y*K :*h?

- Monobe-Okabe Analysis LRFD A11.3.1

Figure All.3.1-1—Mononobe-Okabe Method Force Diagrams

£y o (0-8o=B) [, Fsmlzﬁ—ﬁrsmidJ—E'Mf).—i! AIL3.11)
8056, cos Peos(B+ B+ By ) Yeos(6+B+6, cos(i-F) |

where:

K=  selsnuc active earth pressure coefficient (dim)

¥ = unitweight of soal (kef)

H = height of wall (§)

h = height of wall at back of wall beel considermg height of slopmg surcharge, if present (ft)

g = frcton angle of so1l (degreas)

By = are tan [k/(1 — K] (degrees)

& = wall backfill mterface friction angle (degrees)

ky = hornzontal seizsmic acceleration coefficient (dim )

k, = wvertical seismic aceeleration coefficient (dim )

i = Tbackfill slope angle (dezrees)

B = slope of wall to the verhical negative as shown (degrees)

k=  0.732 |
Y= 0.42 Y= {H sin(¢+8)sin (¢ 0, —7) }
3 6 s(i—
Yoi= 0130 ke \ cos(84B+040) cos(i-P)
H= 33 ft Height of soil and footing
$= 38.00 degrees
0= 26.4 degrees
6=2/3*b = 25.3 degrees
kh = 1.0* kho - 0.497 Note: 0.5*kho=0.249, by using 1.0*kho this increased the Extreme Event Moment by 3% and the

Lateral load by 15%. This small increase does not affect the outcome of the calc.

kno=As=  0.497

k, = 0.0
= 0.0 degrees
B= 0.0 degrees
Moment Arm @ B/Footing = 1.08 ft
Moment = 0.5 k*ft
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SEISMIC FORCES ON WALL (EQ,.y): (See Attached Calc)
Shear at base of wall = 1.0 k
Moment on wall = 8.7 k*ft
LOAD SUMMARY
Force
Load Vertical Lateral Moment
P, (kips) Py (kips) (kips)
DC 2.8 0.0
EV 3.4 2.1
EH 0.17 0.18
WSsrq i 0.12 1.3
WSsrny 0.07 0.7
WSsery | 0.07 0.7
EQ,qi 0.5 0.5
EQuan 1.0 8.7
Calculate Bearing Pressure
Load Combinations (AASHTO Table 3.4.1-1)
o : Force Moment

Load Combination Vertical Lateral e B' o,

P, (kips) | Py (kips) (kips) ft ft ksf
STRENGTH III: 1.25DC+1.5EH+1.0(EV+WS) 6.9 0.4 3.7 0.5 5.3 1.29
STRENGTH V: 1.25DC+1.5EH+1.0(EV+WS) 6.9 0.3 3.1 0.4 5.5 1.25
EXT EVENT I: 1.0(DC+EV+EQ o +EQy) 6.2 1.5 11.4 1.8 2.7 2.26
SERVICE I: 1.0(DC+EV+EH+WS) 6.2 0.2 3.0 0.5 5.4 1.14

Eccentricity = e =M/P,
B= 6.42 ft B'=B-2e

The vertical stress shall be calculated as follows:

_3r

6, =
B-12e

(11.6.32-1)
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Check Eccentricity Limits
- The location of the resultant is limited to the middle two-thirds of the width of the foundation.

(AASHTO 11.6.3.3)

Sliding Resistance = @Rt = ¢7CP, tan d¢
$r=0.8
C=1.0
b= 38
Coeffient of Friction = tan ¢;= 0.78

(AASHTO 10.6.3.4-2)
(AASHTO Table 10.5.5.2.2-1)

degrees
(AASHTO C3.11.5.3)

emax = B/3 2.14 ft
o : Force Moment
Load Combination Vertical Lateral e Middle
P, (kips) | Py (kips) (kips) ft Two-Thirds
STRENGTH IlI: 0.9DC+1.5EH+1.00(EV+WS) 5.9 0.4 3.7 0.5 Yes OK
STRENGTH V: 0.9DC+1.5EH+1.00(EV+WS) 5.9 0.3 3.1 0.4 Yes OK
EXT EVENT I: 1.0(DC+EH+EV+EQ,;+EQu.) 6.2 1.5 11.4 1.8 Yes |OK
SERVICE I: 1.0(DC+EV+EH+WS) 6.2 0.2 3.0 0.5 Yes OK
Check Sliding (AASHTO 10.6.3.4 and AASHTO 11.5.6)
Force
Load Combination Vertical Lateral ¢1Rt  |Is Rt>Vx?
P, (kips) | Py (kips) kips
STRENGTH Ill: 0.90DC+1.5EH+1.00(EV+WS) 5.9 0.4 3.7 Yes OK
STRENGTH V: 0.9DC+1.5EH+1.00(EV+WS) 5.9 0.3 3.7 Yes OK
EXT EVENT I: 1.0(DC+EH+EV+EQ,q;+EQu.1) 6.2 1.5 3.9 Yes |OK
SERVICE I: 1.0(DC+EV+EH+WS) 6.2 0.2 3.9 Yes OK
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SOUND BARRIER DESIGN FORCE
NOISE BARRIER CIP WALL TYPE GEOMETRY
Wall Length L= 1 ft
Wall/Wall Height H= 12 ft
Wall Thickness T= 12 in
MATERIALS
Wall Concrete f' = 4 ksi
Ye = 0.15 kef
E.= 4266 ksi
Reinforcing Steel f, = 60 ksi
Es= 29000 ksi
DEAD LOAD
Weight of Wall
Vertical Dead Load D= 1.80 kips

SEISMIC FORCE
Seismic design shall be in accordance with AASHTO LRFD Article 3.10.2.1-General Procedure, considering site class D:
a. Modal analysis shall be performed for the first 4 periods. Elastic seismic response coefficient Csm shall be computed for each
modal period in accordance with LRFD Article 3.10.4.2 and all 4 Csm coefficients shall be combined through the SRSS method.
b. The resultant seismic force shall be considered to act at a height of 0.71H above the top of the shaft,
where H is the total height measured from the top of the Wall to the top of the shaft. -

Structural Modeling
Modeling the column as a cantilever beam

The mass of column and ajacent panels is uniformly distributed along the column

Uniform Weight w= 0.15 kips/ft

Uniform Mass m= 0.0004 2
Column I= 1728 in®
Modulus E= 4266 ksi

Gravity g= 386 in/sec”
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Modal Analysis
Uar Pa Us, P3 Uy, P, Uy, P1
1/4mL l 1/4mL l 1/4mL El, m 1/8mlL
1/4L L 1/4L ;l . 1/4L . 1/4L
> g
L » |
X
Flexibility Matrix
P1= 1
X u
(U 0.00 0.33333333
u, 0.25 0.21093750
Uz 0.50 0.10416667
Uy 0.75 0.02864583
P2 = 1
a= 0.25
b= 0.75
X u
u; 0.00 0.2109375
u, 0.25 0.1406250
Uz 0.50 0.0729167
Uy 0.75 0.0208333
P3 = 1
a= 0.5
b= 0.5
X u
U 0 0.104166667
u, 0.25 0.072916667
Uz 0.5 0.041666667
Uy 0.75 0.013020833
Ps = 1
a= 0.75
b= 0.25
X u
U 0.00 0.028645833
u, 0.25 0.020833333
Uz 0.50 0.013020833
Uy 0.75 0.005208333
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Flexibility Matrix
p;=1 p=1 p3=1 p,=1
u; = L3/EI* 0.3333 0.2109 0.1042 0.0286
u, = L3/EI* 0.2109 0.1406 0.0729 0.0208
Uz = L3/EI* 0.1042 0.0729 0.0417 0.0130
Uy = L3/EI* 0.0286 0.0208 0.0130 0.0052
Stiffness Matrix K
EI/L3 102.928 -233.567 166.268 -47.505
EI/L3 -233.567 633.402 -613.608 285.031
EI/L3 166.268 -613.608 918.433 -756.124
EI/L3 -47.505 285.031 -756.124 1203.464
K= 254.116 -576.649 410.496 -117.284
-576.649 1563.793 -1514.925 703.707
410.496 -1514.925 2267.500 -1866.778
-117.284 703.707 -1866.778 2971.207
Mass Matrix M
1/8mL 0 0 0
0 1/4mL 0 0
0 0 1/4mL 0
0 0 0 1/4mL
M= 0.000582902 0 0 0
0 0.001165803 0 0
0 0 0.001165803 0
0 0 0 0.001165803
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First Mode
w, K-w,”*M
6185.414 250.511 -576.649 410.496 -117.284
-576.649 1556.582 -1514.925 703.707
410.496 -1514.925 2260.289 -1866.778
-117.284 703.707 -1866.778 2963.996
Det(K-wnz*M)=0 0.00007 goal seek (Set cell: Det(K-wnz*M), To value: 0, By changing cell: wlz)
o= 78.647 |rad/sec T, = |0.080 |sec
Second Mode
w, K-w,”*M
213692.70 129.5545743 -576.649 410.496 -117.284
-576.649 1314.669 -1514.925 703.707
410.496 -1514.925 2018.376 -1866.778
-117.284 703.707 -1866.778 2722.083
Det(K-wnz*M)=0 0.000613373 goal seek (Set cell: Det(K-wnz*M), To value: 0, By changing cell: wlz)
o,= 462.269 |rad/sec To= lo.014 Jsec
Third Mode
wa K-w,”*M
1498532.78 -619.381 -576.649 410.496 -117.284
-576.649 -183.201 -1514.925 703.707
410.496 -1514.925 520.506 -1866.778
-117.284 703.707 -1866.778 1224.213
Det(K-wnz*M)=0 -0.000817904 goal seek (Set cell: Det(K-wnz*M), To value: 0, By changing cell: le)
o= 1224.146 |rad/sec Ts= |o.005 Jsec
Fourth Mode
w2 K-w,”*M
4552573.24 -2399.586 -576.649 410.496 -117.284
-576.649 -3743.611 -1514.925 703.707
410.496 -1514.925 -3039.904 -1866.778
-117.284 703.707 -1866.778 -2336.197
Det(K-wnz*M)=0 -0.079570 goal seek (Set cell: Det(K-wnz*M), To value: 0, By changing cell: le)
0= 2133676 |rad/sec 7= |0.003 |sec
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Summary
Mode  (rad/sec) T (sec)
1 78.647 0.080
2 462.269 0.014
3 1224.146 0.005
4 2133.676 0.003
NATURAL PERIODS By Equation
; K, [EIg
n = —
27 wi?
T, =1/f, @, =21/T,
First Mode Ky = 3.52
Second Mode Ky = 22.03
Third Mode Ks = 61.7
Fourth Mode Ky = 120.9
g= 386
Mode Natural Frequency Natural period Natural Frequency
f,, (Hz) T, (second) ®, (Rad/Sec)
1 12.876 0.078 80.901
2 80.676 0.012 506.899
3 225.950 0.004 1419.687
4 442.745 0.002 2781.849
First Mode
K-wle 250.511 -576.649 410.496 -117.284
-576.649 1556.582 -1514.925 703.707
410.496 -1514.925 2260.289 -1866.778
-117.284 703.707 -1866.778 2963.996
0.0030259 0.0029901 0.0011648 -577
0.0029901 0.0038767 0.0017317 410
0.0011648 0.0017317 0.0011515 -117
Mode Shape Plot
o = 1 0 1.000
0.654 0.250 0.654
0.336 0.500 0.336
0.096 0.750 0.096
1.000 0.000
First Mode Shape
1.500
1.000
0.500
0.000
0 0 0 1 1 1 1
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Secod Mode
K—WZZM 129.555 -576.649 410.496 -117.284
-576.649 1314.669 -1514.925 703.707
410.496 -1514.925 2018.376 -1866.778
-117.284 703.707 -1866.778 2722.083
-0.0032156 -0.0044971 -0.0022528 -576.649
-0.0044971 -0.0049345 -0.0022215 410.496
-0.0022528 -0.0022215 -0.0005737 -117.284
Mode Shape Plot
b 1 0 1.000
-0.272 0.250 -0.272
-0.828 0.500 -0.828
-0.454 0.750 -0.454
1.000 0.000
Second Mode Shape
2.000
0.000
0 1 1 1
-2.000
Third Mode
K-w32M -619.381 -576.649 410.496 -117.284
-576.649 -183.201 -1514.925 703.707
410.496 -1514.925 520.506 -1866.778
-117.284 703.707 -1866.778 1224.213
-0.0019850 0.0003771 0.0017160 -576.649
0.0003771 -0.0005015 -0.0009815 410.496
0.0017160 -0.0009815 -0.0016662 -117.284
Mode Shape Plot
s 1 0 1.000
-1.098 0.250 -1.098
0.308 0.500 0.308
1.197 0.750 1.197
1.000 0
Third Mode Shape
2.000
0.000
0 0 1 1 1 1
-2.000
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Fourth Mode
K—w42M -2399.586 -576.649 410.496 -117.284
-576.649 -3743.611 -1514.925 703.707
410.496 -1514.925 -3039.904 -1866.778
-117.284 703.707 -1866.778 -2336.197
-0.0013429 0.0018018 -0.0018443 -576.649
0.0018018 -0.0030633 0.0029906 410.496
-0.0018443 0.0029906 -0.0033732 -117.284
Mode Shape Plot
0y = 1 0 1.000
-1.730 0.250 -1.730
2.647 0.500 2.647
-2.687 0.750 -2.687
1.000 0.000
Fourth Mode Shape
5.000
0.000 °
0 0 1 1 1 1
-5.000
Mode Shape Matrix 1.000 1.000 1.000 1.000
0.654 -0.272 -1.098 -1.730
0.336 -0.828 0.308 2.647
0.096 -0.454 1.197 -2.687
Transpose Mode Shape Matrix 1.000 0.654 0.336 0.096
1.000 -0.272 -0.828 -0.454
1.000 -1.098 0.308 1.197
1.000 -1.730 2.647 -2.687
Generalized Mass 0.0006 0.0008 0.0004 0.0001
0.0006 -0.0003 -0.0010 -0.0005
0.0006 -0.0013 0.0004 0.0014
0.0006 -0.0020 0.0031 -0.0031
M, = 0.001 0.000 0.000 0.000
0.000 0.002 0.000 0.000
0.000 0.000 0.004 0.000
0.000 0.000 0.000 0.021
Generalized Stiffness 3.605 4.717 2.423 0.691
124.562 -67.874 -206.318 -113.210
873.497 -1918.505 538.408 2091.179
2653.702 -9183.569 14049.965 -14259.577
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K, = 7.571 0.000 0.000 0.000
0.000 365.368 0.000 0.000
0.000 0.000 5649.457 0.000
0.000 0.000 0.000 94049.609
Verify Natural Frequency
Mode () Eigen Value Equation
1 78.647 78.647 80.901
2 462.269 462.269 506.899
3 1224.146 1224.146 1419.687
4 2133.676 2133.676 2781.849
Generalized Force P, 0.000582902 0.000762528 0.000391655 0.000111764
0.000582902 -0.000317626 -0.000965489 -0.000529781
0.000582902 -0.001280255 0.00035929 0.001395485
0.000582902 -0.002017226 0.003086159 -0.003132202
Directional Vector 1 0.001848849
1 -0.001229995
1 0.001057421
1 -0.001480367
P, 1.5106
-0.7194
0.2805
-0.0717
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RUK
MGH
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DATE
DATE

CIP Noise Wall 6

6/18/2021

6/18/2021

SEISMIC DESIGN PARAMETERS

Peak Ground Acceleration

Spectral Acceleration at 0.2 Second
Spectral Acceleration at 1 Second
Site Class

Site Factors:

Response Spectrum

ELASTIC SEISMIC RESPONSE COEFFICIENT C,,

AASHTO LRFD Article 3.10.4.2

For periods less than or equal Ty:

For mode m, the elastic seismic response coefficient = C,, = As + (Sps — As) (T / To)
For periods greater than T, and less than or equal T, : C,,, = Spsg
For periods greater than T, : Co= Sp1 / T

0.422
0.959
0.278

1.178
1.116
2.044
1.070
0.568
0.531
0.106
0.497

Mode o (rad/sec) T (sec) Com Coisp
1 78.647 0.080 0.928 0.08751
2 462.269 0.014 0.570 -0.00074
3 1224.146 0.005 0.525 0.00004
4 2133.676 0.003 0.513 0.00000
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MODAL SPECTRUM ANALYSIS
Modal Displacements
Mode 1 Mode 2
o = ul ) = u2
1.000 0.08751 1.000 -0.00074
0.654 0.05724 -0.272 0.00020
0.336 0.02940 -0.828 0.00061
0.096 0.00839 -0.454 0.00034
Mode 3 Mode 4
O3 = u3 4 = ud
1.000 0.00004 1.000 -0.000003
-1.098 -0.00004 -1.730 0.000005
0.308 0.00001 2.647 -0.000008
1.197 0.00005 -2.687 0.000008
Total Displacements
u; = 0.09 in
u, = 0.06 in
Uz = 0.03 in
Uy = 0.01 in
Modal Base Shear
Mode 1 Mode 2 Mode 3 Mode 4
Vi 0.316 -0.092 0.033 -0.008
V, 0.413 0.050 -0.073 0.029
V3 0.212 0.153 0.020 -0.044
V, 0.060 0.084 0.079 0.044
Total 1.001 0.195 0.060 0.021
Base Shear
SRSS 1.02 kips

Base Moment 8.70 kips-ft
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Stem Strength Design
Parameters
f,= 60 ksi WSDOT BDM 5.1.2/AASHTO 5.5.3.2
f.= 4 ksi WSDOT BDM 5.1.1.B.2
Arch. Treatments = 2 in
h= 10.00 in
b= 12 in
cover = 2 in
Rebar # = 8
Rebar Diameter = 1lin
Spacing = 12 in
n= 8
O- 0.90 AASHTO 5.5.4.2
b, = 0.90 AASHTO 5.5.4.2
Check Moment Strength:
Mu = 10.08 k-ft Extreme Event
M(service) = 2.21 k-ft Service |
D= 0.90
# of rebar = 1.00
Rebar Area = 0.79 in’
As= 0.79 in®

d = h-cover-(Rebar Diameter/2)

d= 7.50 in
B, = 0.85

a = (As*fy)/(0.85*fc*Db)
a= 1.16 in
c=a/p;

c= 1.37 in

®OMn = O*As*fy*(d-a/2)
OMn = 24.60 k-ft
®Mn > Mu ? YES

Check Min. Reinforcement: (LRFD 5.6.3.3)
fr = 0.37*SQRT(fc)

fr= 0.74 ksi
Sx = b*h’/6
Sx = 200 in®
1.6 * Mcr = 1.6*fr*Sx
1.6* Mcr = 20 kips-ft
1.33*Mu = 13 kips-ft

®Mn > MIN(1.6*Mcr,1.33*Mu ? YES

AASHTO 5.6.2.2

AASHTO Eqgn. 5.6.3.1.2-4

AASHTO 5.6.3.2
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Check Crack Control: (LRFD 5.6.7)
p = As/(b*d)
p= 0.00878
p*n = 0.07022
k= SQRT(pn2+ 2*pn)-pn
k= 0.31106
i=1-(k/3)
j= 0.896
fs = M(service)/(As*j*d)
fs = 4.99 ksi
0.6*fy = 36 ksi
fs <= 0.6*fy OKAY

Check if tension in cross-section exceeds 80% of modulus of rupture

fr = 0.24*SQRT(f'c)

fr= 0.48 ksi
0.8*fr = 0.38 ksi

fT = M(service)/Sx

fT = 0.13 ksi

fT > 0.8*fr

DOES NOT EXCEED

Shrinkage and Temperature Reinforcement (LRFD 5.10.6)

A, >= 1.3*b*h/(2*(b+h)*f,)

B = 0.11in’
Simox = 15 in
Try Bar # = 4
Apar = 0.20 in®
Spacing = 15 in
As = 0.16 in’/ft

OKAY
OKAY
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Wall Shear Design (LRFD 5.7)
b, = 0.90
Vu = 1.12 kips
Shear Bar = 4
Area per Bar = 0.20 in’
Legs per Bar = 2
Av = Area per Bar * Legs per Bar
Av = 0.4 in’

Sma= Min (d/2, 24in)
St 3.75in

Vc= 2*SQRT(f'c)*b*d

Vc= 11.38 kips
Req'd Vn=Vu/d,
Reqg'd Vn= 1.25 kips
Vc>Req'dVn? Shear Steel Not Required

$Vn = p(Vc+Vs) >=Vu
$Vn = 10 OKAY

Development Length of Hooked Rebar in Stem and Grade Beam (LRFD 5.10.8.2.1a):
lgp = 2.4%*dy*f,/SQRT(f'.)

lgp = 72 in
A= 1.0 for normal weight concrete
A= 1
A, = reinforcement location factor, 1.3 if more than 12" concrete below reinf.
A= 1
A= coating factor
A= 1
dy = 1
¢, = MIN(cover,bar spacing/2)
Cp= 2
ki, = cross-sect area of transv reinf.
ker = 0
A= reinforcement confinement factor, dy/(cy+k;)
A= 0.5
AS cqurea= (MU/B)/(f,*(d-a/2))
ASrequired = 0.32in’
A, = 1.0 for seismic-force-resisting systems
Aer= 1.00

Id = Idb *(}‘rl*)\cf*)\rc*)\er)/)\
= 36.00 in
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Vertical Flexural Rebar to be Lapped with Hooked Rebar Design (AISC 14th Ed. Table 3-23-19):

Miax = M,

Moo = 10.08 kip-ft
L = Height of Noise Wall
L= 12.00 ft
W= 2*M,,,, /L
W= 0.14 kip/ft

x = Height of Noise Wall -Development Length of Hooked Rebar

X= 9.00 ft
M, = WhC/2
M ooy = 5.67 kip-ft
®- 0.90
Try Rebar Size 6
Try Spacing 12.00 in
# of rebar = 1.00
Rebar Area = 0.44 in’
As= 0.44 in’

d = h-cover-(Rebar Diameter/2)

d= 7.50 in
B, = 0.85

a = (As*fy)/(0.85*fc*b)
a= 0.65 in
c=a/B,

c= 0.76 in

OMn = O*As*fy*(d-a/2)
OMn = 14.21 k-ft
®Mn > Mu ? YES
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Footing Strength Design
Parameters
fy = 60 ksi WSDOT BDM 5.1.2/AASHTO 5.5.3.2
f.= 4 ksi WSDOT BDM 5.1.1.B.2/BDM 7.1.5
h= 12 in
b= 12 in
cover = 3in AASHTO 5.10.1
Rebar # = 6
Rebar Diameter = 0.75 in
Spacing = 12 in
n= 8
(OB 0.90 AASHTO 5.5.4.2
b, = 0.90 AASHTO 5.5.4.2
Check Moment Strength:
Oextr = 1.97 ksf Max bearing pressure applied
Osery = 1.02 ksf Service Load bearing pressure
L= 2.71 ft Heel of Footing Length
Mu = g*L*/2
Mu = 7.24 k-ft Extreme Event
M(service) = 3.74 k-ft Service 1
0= 0.90
# of rebar = 1.00
Rebar Area = 0.44 in’/ per bar
As= 0.44 in’

d = h-cover-(Rebar Diameter/2)

d= 8.63 in
Bi= 0.85 AASHTO 5.6.2.2
a = (As*fy)/(0.85*fc*b)
a= 0.65 in
c=a/B; AASHTO Egn. 5.6.3.1.2-4
c= 0.76 in
OMn = O*As*fy*(d-a/2) AASHTO 5.6.3.2
OMn = 16.44 k-ft

®Mn > Mu ? YES
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Check Min. Reinforcement: (LRFD 5.6.3.3)
fr = 0.37*SQRT(fc)

fr= 0.74 ksi

Sx = b*h’*/6

Sx = 288 in’
1.6 * Mcr = 1.6*fr*Sx
1.6 * Mcr = 28.42 kips-ft
1.33 * Mu = 10 kips-ft

®Mn > MIN(1.6*Mcr,1.33*Mu) ? YES

Check Crack Control: (LRFD 5.6.7)

p = As/(b*d)
p= 0.00425
p*n = 0.03401
k= SQRT(pn2+ 2*pn)-pn
k= 0.22900
j=1-(k/3)
j= 0.924
fs = M(service)/(As*j*d)
fs = 12.79 ksi
0.6*fy = 36 ksi
fs <= 0.6*fy OKAY

Check if tension in cross-section exceeds 80% of modulus of rupture
fr = 0.24*SQRT(f'c)

fr= 0.48 ksi
0.8*fr = 0.38 ksi
fT = M(service)/Sx
fT = 0.16 ksi
fT > 0.8*fr DOES NOT EXCEED

Shrinkage and Temperature Reinforcement (LRFD 5.10.6)
A, >= 1.3*b*h/(2*(b+h)*f,)

ASin = 0.11 in’
Srmax = 18 in
Try Bar # = 4
Apar = 0.20 in’
Spacing = 18 in OKAY
As = 0.13 in’/ft OKAY
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Footing Shear Design (LRFD 5.7)
b, - 0.90
Footing Width = 6.42 ft
Stem Width = 1.00 ft
Critical Section = Ls = (Footing Width -Stem Width)/2-d
Ls = 1.99 ft
Vu = g*Ls
Vu = 3.93 kips
Shear Bar = 5
Area per Bar = 0.44 in’
Legs per Bar = 2
Av = Area per Bar * Legs per Bar
Av = 0.88 in’
Smax= Min (d/2, 24in)
Sma= 431 in
Vc= 0.0316*B*A*V(f)*b*d,  LRFD5.7.3.3-3
A= 1 LRFD 5.4.2.8
B= 2 LRFD 5.7.3.4
d, = MAX(0.9*d,0.72*h)
d, = 8.64 in
Vc= 13.11 kips
Req'd Vn=Vu/d,
Req'd Vn= 4.37 kips
Vc >Req'dVn? Shear Steel Not Required

éVn = ¢(Vc+Vs) >= Vu
GVn = 12 OKAY
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Preliminary Analysis for:
Cast-In-Place Concrete Noise Wall on Footing
Maximum Total Wall Height = 17' with Minimum Embedment

DESIGN CRITERIA:

- WSDOT Bridge Design Manual, July 2019

- AASHTO LRFD 8th Edition

- Geotechnical Engineering Report: Soldier Pile Wall 10.35L and Noise Wall 6

DESIGN ASSUMPTIONS:

- Exposed Wall Height is maximum 15' front face and 11' back face.

- Noise Wall is supporting 4' of fill.

- Seismic design is based on WSDOT BDM 8.2.2 and AASHTO LRFD 4.7.4.3.3.

- Noise Wall Dimensions are based on WSDOT Bridge Manual for Non-Standard Walls, page 8-23.

- Wind load is considered.

- Seismic soil forces are considered.

- Seismic internal wall forces are considered.

- Moment is positive with right hand rule at bottom center of footing. Right of center is positive, Left of center is n

Try:
Footing Width = 9.50 ft
Footing Thickness = 1.00 ft
Wall Height = 17.00 ft
Exposed Wall Height = 15 ft
Wall Thickness = 1.000 ft - Includes form liner on each face
Footing Toe Width = 4.250 ft
Footing Heel Width = 4.250 ft

DEAD LOAD (DC):

Loads based on linear foot of wall

Moment
Shape Arm @ CL
Item Density Length Thickness | Factor Area Weight [ of Footing | Moment
kcf ft ft ft? KIf fit k*ft
Noise Wall 0.150 17 1.00 1 17.00 2.55 0.00 0.00
Footing 0.150 9.5 1.00 1 9.50 1.43 0.00 0.00
Totals = 3.98 0.00
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VERTICAL SOIL LOAD (EV):
Loads based on linear foot of wall
Moment
Shape Arm @ CL
Item Density Width Height Factor Area Weight [ of Footing | Moment
kcf ft ft ft? kIf ft k*ft
Toe 0.130 4.25 2.00 1 8.50 1.11 -2.63 -2.90
Heel 0.130 4.25 6.00 1 25.50 3.32 2.63 8.70
Totals = 4.42 5.80

HORIZONTAL SOIL LOAD (EH):

EH = (1/2)*Ka*Y*H?

EH = 0.25
Moment Arm @ B/Footing = 1.33
Moment = 0.3

WIND LOAD (WS):

P, = 2.56X10 *V2*K,*G*C,

- Not required when seismic soil is being included. (AASHTO C11.6.5.1)

b= 38 degrees
klf Ka= 0.24
ft Y= 0.13 kef
k*ft b= 4.00 ft

(AASHTO 3.8.1.2.4)

Vstr = 110 mph (AASHTO Table 3.8.1.1.2-1)
Vsrry= 80 mph (AASHTO Table 3.8.1.1.2-1)
Vserv 1= 70 mph (AASHTO Table 3.8.1.1.2-1)
Kz_str= 0.71 (AASHTO Table €3.8.1.2.1-1)
Kz_serv= 1.0 (AASHTO 3.8.1.2.1)
G= 0.85 (AASHTO Table 3.8.1.2.1-1)
G = 1.2 (AASHTO Table 3.8.1.2.1-2)
Z= 11.00 = Exposed Noise Wall Height at the Back Face
22 S 0.022 ksf
2 S 0.012 ksf
PR=fs 0.013 ksf
Pw = P;*Z (AASHTO 3.8.1.2.4)
Moment Arm @ B/Footing = 13.1 ft
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wo° Supervisor WPM TASK CIP Noise Wall 6
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CHK'D. BY MGH DATE 12/22/2021
Linear feet of Wall
Pw Moment
kIf k*ft
STR Il 0.25 3.2
STRV 0.13 1.7
SERV | 0.14 1.8
- Py is a line load applied at 0.55*Z from the top of roadway. (AASHTO 3.8.1.2.4)

- Moment Arm is from the top of the retaining wall.
=0.55*%(Noise Wall Height + Traffic Barrier Height) + Slab Thickness

SEISMIC ACTIVE EARTH PRESSURES (EQ,;):

Peis = Pae LRFD 11.6.5.1
Peis=  0.761  KkIf P..;s is applied 1/3 height of soil.
Pae = 0.761 klIf LRFD 11.6.5.3-2

Pae = 0.5%Y*K,e*h?

- Monobe-Okabe Analysis LRFD A11.3.1

Figore A11.3.1-1—Mononobe-Okabe Method Force Diagrams

-

ro- cos” (B—6,,0 —F) i [sin(¢+8)sin(§ -8, —i) (A115.00)
A cos By, cos” Bros(B+B+6,,] 1J{:D:»I:5+|5+E',_,o|lcus|:i—ﬁ'l |
where:
Eue = seizmic actrve earth pressure coefficient (dim)
Y = unitweghtefsoil (kef)
H = height of wall (§)
h = height of wall at back of wall heel considermmg beight of slopmg surcharge, if present (ft)
§ = fricton angle of sodl (degrees)
Buo = arc tan [ke(1 - K.)] (degrees)
& = wall backfill mterface friction angle (degrees)
k. = honzontal seismic acceleration coefficient {dim }
k., = verfical seismic aceelerztion coefficient {dim)
i = Tbackfill zlope angle (degrees)
B = slope of wall to the vertical negative as shown (degrees)
ke=  0.732 .
g= 0.42 W=, sin(¢+8)sin(¢—0,,, —7)
Y= 0.130 Kef cos(8+B+0,,0 ) cos(i—P)
soi .
H= 4.0 ft Height of soil and footing
$ = 38.00 degrees
0= 26.4 degrees
§=2/3*p = 25.3 degrees
ki = 1.0*kp,o = 0.497 Note: 0.5*kh0=0.249, by using 1.0*kho this increased the Extreme Event Moment by 2% and the

Lateral load by 16%. This small increase does not affect the outcome of the calc.

Kno=A,=  0.497

k, = 0.0
i= 0.0 degrees
B= 0.0 degrees
Moment Arm @ B/Footing = 1.33 ft

Moment = 1.0 k*ft
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woo Supervisor WPM TASK CIP Noise Wall 6
¢ BY RUK DATE 12/21/2021
CHK'D. BY MGH DATE 12/22/2021
SEISMIC FORCES ON WALL (EQ,.;): (See Attached Calc)
Shear at base of wall = 1.7 k
Moment on wall = 20.1 k*ft
LOAD SUMMARY
Force
Load Vertical Lateral Moment
P, (kips) Py (kips) (kips)
DC 4.0 0.0
EV 4.4 5.8
EH 0.3 0.4
WSerr i 0.25 3.2
WSeray 0.13 1.7
WSeery | 0.14 1.8
EQ,; 0.8 1.0
EQy 1.7 20.1

Calculate Bearing Pressure
Load Combinations (AASHTO Table 3.4.1-1)

Force
o - Moment

Load Combination Vertical Lateral e B' o,

P, (kips) | Py (kips) (kips) ft ft ksf
STRENGTH Ill: 1.25DC+1.5EH+1.0(EV+WS) 9.4 0.7 9.6 1.0 7.5 1.26
STRENGTH V: 1.25DC+1.5EH+1.0(EV+WS) 9.4 0.6 8.1 0.9 7.8 1.21
EXT EVENT I: 1.0(DC+EV+EQ,;+EQ,1) 8.4 2.4 26.5 3.2 3.2 2.63
SERVICE I: 1.0(DC+EV+EH+WS) 8.4 0.4 8.0 1.0 7.6 1.11

Eccentricity = e =M/P,
B= 9.50 ft B'=B-2e

The vertical stress shall be calculated as follows:

_xV

GV
B—2e

(11.63.2-1)
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WPM TASK CIP Noise Wall 6
RUK DATE 12/21/2021
MGH DATE 12/22/2021

Check Eccentricity Limits

(AASHTO 11.6.3.3)

- The location of the resultant is limited to the middle two-thirds of the width of the foundation.

emax = B/3 3.17 ft
Force
- Moment
Load Combination Vertical Lateral e Middle
P, (kips) | Py (kips) (kips) ft Two-Thirds
STRENGTH Ill: 0.9DC+1.5EH+1.00(EV+WS) 8.0 0.7 9.6 1.0 Yes OK
STRENGTH V: 0.9DC+1.5EH+1.00(EV+WS) 8.0 0.6 8.1 0.9 Yes OK
EXT EVENT I: 1.0(DC+EH+EV+EQ+EQ,.) | 8.4 2.4 26.5 3.2 Yes  |OK
SERVICE I: 1.0(DC+EV+EH+WS) 2.4 0.4 8.0 1.0 Yes OK
Check Sliding (AASHTO 10.6.3.4 and AASHTO 11.5.6)
Force
Load Combination Vertical Lateral ¢rRt  |IsRt>Vx?
P, (kips) | Py (kips) kips
STRENGTH Ill: 0.90DC+1.5EH+1.00(EV+WS) 8.0 0.7 5.0 Yes OK
STRENGTH V: 0.9DC+1.5EH+1.00(EV+WS) 8.0 0.6 5.0 Yes OK
EXT EVENT I: 1.0(DC+EH+EV+EQ+EQ,.) | 8.4 2.4 5.2 Yes  [OK
SERVICE I: 1.0(DC+EV+EH+WS) 8.4 0.4 5.2 Yes OK

Sliding Resistance = ¢Rt = ¢1CP, tan ¢

$r=0.8
c=1.0

=3

8

Coeffient of Friction = tan ¢;= 0.78

degrees

(AASHTO 10.6.3.4-2)
(AASHTO Table 10.5.5.2.2-1)

(AASHTO C€3.11.5.3)
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SOUND BARRIER DESIGN FORCE
NOISE BARRIER CIP WALL TYPE GEOMETRY
Wall Length L= 1 ft
Wall/Wall Height H= 17 ft
Wall Thickness T= 12 in
MATERIALS
Wall Concrete f'= 4 ksi
Ve = 0.15 kef
E.= 4266 ksi
Reinforcing Steel f, 60 ksi
E, = 29000 ksi
DEAD LOAD
Weight of Wall
Vertical Dead Load D= 2.55 kips

SEISMIC FORCE

Seismic design shall be in accordance with AASHTO LRFD Article 3.10.2.1-General Procedure, considering site class D:

a. Modal analysis shall be performed for the first four periods. The elastic seismic response coefficient Csm shall be computed for each

modal period in accordance with AASHTO LRFD Article 3.10.4.2 and all four Csm coefficients shall be combined through the SRSS method

b. The resultant seismic force shall be considered to act at a height of 0.71H above the top of the shaft,
where H is the total height measured from the top of the Wall to the top of the shaft.

Structural Modeling
Modeling the column as a cantilever beam
The mass of column and ajacent Walls is uniformly distributed along the column

Uniform Weight w= 0.15 kips/ft

Uniform Mass m = 0.0004 3
Column = 1728 in*

Modulus E= 4266 ksi

Gravity g= 386 in/sec’
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wgo Supervisor WPM Task  CIP Noise Wall 6
* BY RUK DATE 6/18/2021

CHK'D. BY MGH DATE 6/18/2021

Modal Analysis
Uas Py U3, P3 Uy, Py Uy, Py
1/amL l 1/8mL

1/4L

le

]

Flexibility Matrix
P1=

Ug
Uy
Us

Uy

Ug
U
Us

Uy

Ug
Uy
U3

Uy

Ug
U
Us

Uy

0.00
0.25
0.50
0.75

0.2t
0.75
0.00
0.25

0.50
0.75

0.25
0.5
0.75

0.75
0.25

0.00
0.25
0.50
0.75

0.5
0.5

u
0.33333333
0.21093750
0.10416667
0.02864583

u
0.2109375
0.1406250
0.0729167
0.0208333

u
0.104166667
0.072916667
0.041666667
0.0130208:3

u

0.028645833
0.020833333
0.013020833
0.005208333
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Flexibility Matrix
p:=1 p.=1 ps=1 pa=1
u; = L3/EI* 0.3333 0.2109 0.1042 0.0286
u, = Ls/El* 0.2109 0.1406 0.0729 0.0208
uz = L3/EI* 0.1042 0.0729 0.0417 0.0130
Uy = Ls/El* 0.0286 0.0208 0.0130 0.0052
Stiffness Matrix K
EI/L3 102.928 -233.567 166.268 -47.505
EI/L3 -233.567 633.402 -613.608 285.031
EI/L3 166.268 -613.608 918.433 -756.124
EI/L3 -47.505 285.031 -756.124 1203.464
K= 89.378 -202.819 144.380 -41.251
-202.219 550.017 -532.829 247.508
144.3¢0 -532.829 797.525 -656.583
-41.251 247.508 -656.583 1045.033
Mass Matrix M
1/8mL 0 0 0
0 1/4mL 0 0
0 0 1/4mL 0
0 0 0 1/4mL
M= 0.000825777 0 0 0
0 0.001651554 0 0
0 0 0.001651554 0
0 0 0 0.001651554
First Mode
w,’ K-w,>*M
1535.670 88.110 -202.819 144.380 -41.251
-202.819 547.481 -532.829 247.508
144.380 -532.829 794.989 -656.583
-41.251 247.508 -656.583 1042.496

Det(K-w,>*M)=0

4.40822E-06 by using goal seek (Set cell: B154, To value: 0, By changing cell: A150)

;= 39.188 rad/sec T, = 0.160
Second Mode
w2 K-w,2*M
53054.10 45.56692537 -202.819 144.380 -41.251
-202.819 462.395 -532.829 247.508
144.380 -532.829 709.903 -656.583
-41.251 247.508 -656.583 057.411

Det(K-wnz*M)=O 0.000257749 by using goal seek (Set cell: B163, To value: 0, By changing cell: A159)

o, = 230.335 |rad/sec T,= 0.027 sec




sec

|sec
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WOOd Supervisor WPM Task  CIP Noise Wall 6
* BY RUK DATE 6/18/2021
CHK'D. BY MGH DATE 6/18/2021
Third Mode
X K-w,>*M
372045.06 -217.849 -202.819 144.380 -41.251
-202.819 -64.435 -532.829 247.508
144.380 -532.829 183.072 -656.583
-41.251 247.508 -656.583 430.580
Det(K-wnz*M)=O -2.54194E-06 by using goal seek (Set cell: B172, To value: 0, By changing cell: A168)
;= 609.955 |rad/sec T,= 0.010
Fourth Mode
w42 K-wnz*M
1130280.51 -843.982 -202.819 144.380 -41.251
-202.819 -1316.703 -532.829 247.508
144.380 -532.829 -1069.195 -656.583
-41.251 247.508 -656.583 -821.687
Det(K—wnz*M)=0 0.00028851 by using goal seek (Set cell: B181, To value: 0, By changing cell: A177)
4= [ 1063.147 rad/sec T,= 0.006
Summary
Mode  (rad/sec) T (sec)
1 39.188 0.160
2 230.235 0.027
3 609.555 0.010
4 1063.147 0.006
NATURAL PERIODS By Equation
K, [EIg
fn ) 271_ V wl4
T, =1/f, w, =21/T,
First Mode K= 3.52
Second Mode Ky = 22.03
Third Mode K3 = 61.7
Fourth Mode Ky = 120.9
g= 386
Mode Natural Frequency Natural period Natural Frequency
f, (Hz) T, (second) , (Rad/Sec)
1 6.416 0.156 40.311
2 40.198 0.025 252.573
3 112.584 0.009 07.387
4 220.607 0.005 1326.112
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First Mode
K-wle 88.110 -202.819 144.380 -41.251
-202.819 547.481 -532.829 247.508
144.380 -532.829 794.989 -656.583
-41.251 247.508 -656.583 1042.496
0.0086031 0.0085013 0.0033117 -203
0.0085013 0.0110221 0.0049236 144
0.0033117 0.0049236 0.0032739 -41
Mode Shape Plot
o = 1 0 1.000
0.654 0.250 0.654
0.336 0.500 0.336
0.096 0.750 0.096
1.000 0.000
First Mode Shape
1.500
1.000 .\\
0.500
0.000 \‘\'\o
0 0 0 1 1 1
Secod Mode
K—WZZM 45.567 -202.819 144.380 -41.251
-202.819 462.395 -532.829 247.508
144.380 -532.829 709.903 -656.583
-41.251 247.508 -656.583 957.411
-0.0091425 -0.0127859 -0.0064050 -202.819
-0.0127859 -0.0140297 -0.0063160 144.380
-0.0064050 -0.0063160 -0.0016312 -41.251
Mode Shzape Plot
& = 1 0 1.000
-0.272 0.250 -0.272
-0.828 0.500 -0.828
-0.454 0.750 -0.454
1.000 0.000
Second Mode Shape
2.000
0.000 -
0 1 1
-2.000

56



JjoBNO.  PS19203160 SHEET 6 0of 9
JOB NAME I-405 - Renton to Bellevue
“’oo Supervisor WPM Task  CIP Noise Wall 6
BY RUK DATE 6/18/2021
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Third Mcde
K-w32M -217.849 -202.819 144.380 -41.251
-202.819 -64.435 -532.829 247.508
144.380 -532.829 183.072 -656.583
-41.251 247.508 -656.583 430.580
-0.0056437 0.0010721 0.0048789 -202.819
0.0010721 -0.0014259 -0.0027906 144.380
0.0048789 -0.0027906 -0.0047374 -41.251
Mode Shape Plot
Oy = 1 0 1.000
-1.098 0.250 -1.098
0.308 0.500 0.308
1.197 0.750 1.197
1.000 0
Third Mode Shape
2.000
0.000
0 0 1 1 1 1
-2.000
Fourth Mode
K—W42M -843.982 -202.819 144.380 -41.251
-202.819 -1316.703 -532.829 247.508
144.380 -532.829 -1069.195 -656.583
-41.251 247.508 -656.583 -821.687
-0.00381&2 0.0051228 -0.0052436 -202.819
0.005122¢ -0.0087096 0.0085027 144.380
-0.0052436 0.0085027 -0.0095907 -41.251
Mode Shape Plot
s = 1 —‘ 0 1.000
-1.730 0.250 -1.730
2.647 0.500 2.647
-2.687 0.750 -2.687
1.000 0.000
Fourth Mode Shape
5.000

Mode Shape Matrix

-5.000
1.000 1.000 1.000 1.000
0.654 -0.272 -1.098 -1.730
0.336 -0.828 0.308 2.647
0.096 -0.454 1.197 -2.687
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Transpose Mode Shape Matrix 1.000 0.654 0.336 0.096
1.000 -0.272 -0.828 -0.454
1.000 -1.098 0.308 1.197
1.000 -1.730 2.647 -2.687
Generalized Mass 0.0008 0.0011 0.0006 0.0002
0.0008 -0.0004 -0.0014 -0.0008
0.0008 -0.0018 0.0005 0.0020
0.0008 -0.0029 0.0044 -0.0044
M, = 0.002 0.000 0.000 0.000
0.000 0.002 0.000 0.000
0.000 0.000 0.005 0.000
0.000 0.000 0.000 0.029
Generalized Stiffness 1.268 1.659 0.852 0.243
43.811 -23.873 -72.566 -39.818
307.226 -674.776 189.369 735.509
933.36! -3230.044 4941.653 -5015.377
Kn = 2.663 0.000 0.000 0.000
0.000 128.507 0.000 0.000
0.000 0.000 1987.027 0.000
0.000 0.000 0.000 33079.122
Verify Natural Frequency
Mode o) Eigen Value Equation
1 39.188 39.188 40.311
2 230.335 230.335 252.573
3 609.955 609.955 707.387
4 1063.147 1065.147 1386.112
Generalized Force P, 0.000825777 0.001080249 0.000554845 0.000158332
0.000825777 -0.000449571 -0.001367776 -0.000750523
0.000825777 -0.001813695 0.000508994 0.001976937
0.000825777 -0.002857737 0.004372059 -0.004437286
Directional Vector 1 0.002619203
1 -0.001742492
1 0.001498013
1 0.002097186
P, 1.5106
-0.7194
0.2805
-0.0717
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SEISMIC DESIGN PARAMETERS
Peak Ground Acceleration PGA = 0.422
Spectral Acceleration at 0.2 Second Sg = 0.959
Spectral Acceleration at 1 Second S, = 0.278
Site Class D
Site Factors: Foga 1.178
F.= 1.116
F,= 2.044
Response Spectrum Sps = 1.070
Sp1 = 0.568
Ts= 0.531
To= 0.106
As= 0.497

ELASTIC SEISMIC RESPONSE COEFFICIENT C,

AASHTO LRFD Article 3.10.4.2

- For periods less than or equal Ty:

For mode m, the elastic seismic response coefficient = Cy,, = Ag + (Sps — As) (T / To)
- For periods greater than Ty and less than or equal T, : Cqy, = Spg
- For periods greater than T : Cg,= Spy / T,

Mode  (rad/sec) T (sec) Com Coisp
1 39.188 0.160 1.070 0.40636
2 230.335 0.027 0.644 -0.00337
3 609.955 ).010 0.553 0.00016
4 1063.147 0.006 0.529 -0.00001
MODAL SPECTRUM ANALYSIS
Modal Displacements
Mode 1 Mode 2
¢ = ul n = u2
1.000 0.40636 1.000 -0.00337
0.654 0.26579 -0.272 0.00092
0.336 0.13652 -0.828 0.00279
0.096 0.03896 -0.454 0.00153 |
Mode 3 Mode 4
3 = u3 4 = ud
1.000 0.00016 1.000 -0.000013
-1.098 -0.00018 -1.730 0.000022
0.308 0.00005 2.647 -0.000034
1.197 0.00019 -2.687 0.000035
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Total Displacements
u, = 0.41 in
u, = 0.27 in
uz = 0.14 in
Ug = 0.04 in
Modal Base Shear
Mode 1 Mode 2 Mode 3 Mode 4
Vi 0.515 -0.148 0.049 -0.012
V, 0.674 0.081 -0.109 0.042
V3 0.346 0.245 0.030 -0.064
V, 0.099 0.134 0.118 0.065
Total 1.634 0.312 0.090 0.031
Base Shear
SRSS 1.67 kips
Base Moment 20.12 kips-ft
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Stem Strength Design
Parameters
f,= 60 ksi WSDOT BDM 5.1.2/AASHTO 5.5.3.2
f.= 4 ksi WSDOT BDM 5.1.1.B.2
Arch. Treatments = 2 in
= 10.00 in
b= 12 in AASHTO 5.10.1
cover = 2 in
Rebar # = 8
Rebar Diameter = lin
Spacing = 10 in
n= 8
O- 0.90 AASHTO 5.5.4.2
b, = 0.90 AASHTO 5.5.4.2
Check Moment Strength:
Mu = 26.46 k-ft Extreme Event
M(service) = 7.97 k-ft Service |
o= 0.90
# of rebar = 1.20
Rebar Area = 0.79 in’
As= 0.95 in’

d = h-cover-(Rebar Diameter/2)

d= 7.50 in
B, = 0.85

a = (As*fy)/(0.85*fc*b)
a= 1.39 in
c=a/B,

c= 1.64 in

®OMn = O*As*fy*(d-a/2)
OMn = 29.02 k-ft
®Mn > Mu ? YES

Check Min. Reinforcement: (LRFD 5.6.3.3)
fr = 0.37*SQRT(fc)

fr= 0.74 ksi
Sx = b*h’/6
Sx = 200 in®
1.6 * Mcr = 1.6*fr*Sx
1.6* Mcr = 20 kips-ft
1.33*Mu= 35 kips-ft

®Mn > MIN(1.6*Mcr,1.33*Mu ? YES

\ASHTO 5.6.2.2

AASHTO Egn. 5.6.3.1.2-4

AASHTO 5.6.3.2
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Check Crack Contrcl: (LRFD 5.6.7)

p = As/(b*d)
p= 0.01053
pn= 0.08427
k= SQRT(pn2+ 2*pn)-pn
k= 0.33482
i=1-(k/3)
i= 0.888
fs = M(service)/(As*j*d)
fs = 15.14 ksi
0.6*fy = 36 ksi
fs <= 0.6*fy OKAY

Check if tension in cross-section exceeds 80% of modulus of rupture
fr = 0.24*SQRT(f'c)

fr= 0.48 ksi
0.8*fr = 0.38 ksi
fT = M(service)/Sx
fT = 0.48 ksi
fT > 0.8*fr EXCEEDS

d. = cover + Rebar Diameter/2

d.= 25in
Bs = 1+d./(0.7*(h-d.)) LRFD 5.6.7.2
Bs = 1.48
Y, = 0.75 for class 2 exposure condition
s <= (700*Ye / (Bs*fs))-2*d,
s <= 18.49 in
Provided Spacing = 10 in OKAY

Shrinkage and Temperature Reinforcement (LRFD 5.10.6)
A, >= 1.3*b*h/(2*(b+h)*f,)

ASpin = 0.11in’
Siax = 15 in
Try Bar # = 4
Apar = 0.20 in’
Spacing = 15 in OKAY

As = 0.16 in*/ft OKAY
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Wall Shear Desigin (LRFD 5.7)
b, = 0.90
Vu = 2.08 kips
Shear Bar = 4
Area per Bar = 0.20 in®
Legs per Bar = 2
Av = Area per Bar * Legs per Bar
Av = 0.4 in’

Smax= Min (d/2, 24in)
S 3.75in

Vc= 2*SQRT(f'c)*b*d

Vc= 11.28 kips
Req'd Vn= Vu/d,
Req'd Vn= 2.31 kips
Vc>Req'dVn? Shear Steel Not Required

$Vn = $(Vc+Vs) >=Vu
¢Vn= 10 OKAY

Development Length of Hooked Rebar in Stem and Grade Beam (LRFD 5.10.8.2.1a):
lgp = 2.4*dy*f,/SQRT(f".)

lgp = 72 in
A= 1.0 for normal weight concrete
A= 1
A, = reinforcement location factor, 1.3 it more than 12" concrete below reinf.
A= 1
A= coating factor
A= 1
dy = 1

¢, = MIN(cover,bar spacing/2)
Cb = 2

ki, = cross-sect area of transv reinf.

Ker = 0
A= reinforcement confinement factor, dy/(c,+ky)
A= 0.5
AS equres= (MU/G)/(f,*(d-a/2))
ASrequired = 0.86 in’
Aer= 1.0 for seismic-force-resisting systems
Aer = 1.00

Id = Idb *(}‘rl*)\cf*)\rc*)\er)/)\
ly= 36.00 in
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Vertical Flexural Rebar to be Lapped with Hooked Rebar Design (AISC 14th Ed. Table 3-23-19):

Max = My
M,y = 26.46 kip-ft
L = Height of Noise Wall
L= 17.00 ft
W= 2*¥M,,,, /L
W= 0.18 kip/ft

Height of Noise Wall -Development Length of Hooked Rebar

= 14.00 ft
M . = WhC/2
M i = 17.95 kip-ft
- 0.90
Try Rebar Size 7
Try Spacing 10.00 in
# of rebar = 1.20
Rebar Area = 0.60 in’
As= 0.72 in?

d = h-cover-(Rebar Diameter/2)

d= 7.50 in
Bi= 0.85

a = (As*fy)/(0.85*fc*b)
a= 1.06 in
c=a/B;

c= 1.25 in

OMn = O*As*fy*(d-a/2)
OMn = 22.53 k-ft
®Mn > Mu ? YES
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Footing Strength Design
Parameters
fy = 60 ksi WSDOT BDM 5.1.2/AASHTO 5.5.3.2
fo= 4 ksi WSDOT BDM 5.1.1.B.2/BDM 7.1.5
h= 12 in
b= 12 in
cover = 3in AASHTO 5.10.1
Rebar # = 8
Rebar Diameter = 1lin
Spacing = 10 in
n= 8
O- 0.90 AASHTO 5.5.4.2
b, = 0.90 AASHTO 5.5.4.2
Check Moment Strength:
Oextr = 2.63 ksf Max bearing pressure applied
Oserv = 1.10 ksf Service Load bearing pressure
L= 4.25 ft Heel of Footing Length
Mu = g*L%/2
Mu = 23.73 k-ft Extreme Event
M(service) = 9.97 k-ft Service |
o= 0.90
# of rebar = 1.20
Rebar Arez = 0.79 in*/ per bar
As= 0.95 in’

d = h-cover-(Rebar Diameter/2)

d= 8.50 in
B,= 0.85

= (As*fy)/(0.85*fc*b)
a= 1.39 in
c= a/Bl
c= 1.64 in

OMn = O*As*fy*(d-a/2)
OMn = 33.29 k-ft
®Mn > Mu ? YES

Check Min. Reinforcement: (LRFD 5.6.3.3)
fr = 0.37*SQRT(fc)

fr= 0.74 ksi

Sx = b*h’/6

Sx= 288 in’
1.6 * Mcr = 1.6*fr*Sx
1.6 * Mcr = 28.42 kips-f
1.33*Mu = 32 kips-fi

®Mn > MIN(1.6*Mcr,1.33*Mu) ? YES

AASHTO 5.6.2.2

AASHTO Eqgn. 5.6.3.1.2-4

AASHTO 5.6.3.2
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Check Crack Control: (LRFD 5.6.7)
p = As/(b*d)
p= 0.00929
n*n = 0.07435
k= SQRT(an+ 2*pn)-pn
k= 0.31837
= 1-(k/3)
j= 0.894
fs = M(service)/(As*j*d)
fs = 16.62 ksi
0.6*fy = 36 ksi
fs <= 0.6*fy OKAY

Check if tension in cross-section exceeds 80% of modulus of rupture
fr = 0.24*SORT(f'c)

fr= 0.48 ksi
0.8*fr = ).38 ksi
fT = M(service)/Sx
fT = 0.42 ksi
fT > 0.8*fr EXCEEDS

d.= cover + Rebar Diameter/2

d.= 35in
Bs = 1+d./(0.7*%(h-d.) LRFD 5.6.7.2
Bs = 1.59
Ye = 0.75 for class 2 exposure condition
s <= (700*Ye / (Bs*fs))-2*d.
s<= 12.89 in
Provided Spacing = 10 in OKAY

Shrinkage and Temperature Reinforcement (LRFD 5.10.6)
A;>= 1.3*b*h/(2*(b+h)*f,)

Ay = 0.11 in°
Sax = 18 in
Try Bar# = 4
Apsr = 0.20 in’
Spacing = 18 in OKAY
As = 0.13 in*/ft OKAY
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Footing Shear Design (LRFD 5.7)
b, = 0.90
Footing Width = 9.50 ft
Stem Width = 1.00 ft
Critical Section = Ls = (Footing Width -Stem Width)/2-d
Ls = 3.54 ft
Vu = g*Ls
Vu = 9.30 kips
Shear Bar = 5
Area per Bar = 0.79 in®
Legs per Bar - 2
Av = Area per Bar * Legs per Bar
Av= 1.58 in’

Smax= Min (d/2, 24in)
Stmax= 425 in

Vc= 0.0316*B*“\*V(f')*b*d, LRFD5.7.3.3-3

A= i LRFD 5.4.2.8
B= 2 LRFD 5.7.3.4
d, = MAX(0.9*d,0.72"h)
d, = 8.64 in
Vc= 13.11 kips
Req'd Vn= Vu/d,
Req'd Vn= 10 kips
Vc>Req'dVn? Shear Steel Not Required

éVn = ¢(Vc+Vs) >=Vu
$Vn = 12 OKAY
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Preliminary Analysis for:
Cast-In-Place Conciete Noise Wall on Footing
Maximum Total Wal! Height = 17' with Maximum Embedment

DESIGN CRITERIA:

- WSDOT Bridge Design Manual, July 2019

- AASHTO LRFD 8th Edition

- Geotechnical Engineering Report: Soldier Pile Wall 10.35L and Noise Wall 6

DESIGN ASSUMPTIONS:

- Exposed Wall Height is maximum 15' front face and 11' back face.

- Noise Wall is supporting 4' of fill.

- Seismic design is based on WSDOT BDM 8.2.2 and AASHTO LRFD 4.7.4.3.3.

- Noise Wall Dimensions are based ort WSDOT Bridge Manual for Non-Standard Walls, page 8-23.

- Wind load is considered.
- Seismic soil forces are considered.
- Seismic internal wall forces are considerec

- Moment is positive with right hand rule at bottom center of footing. Right of center is positive, Left

of center is negative.

Try:
Footing Width = 9.50 ft
Footing Thickness = 1.00 ft
Wall Height = 17.00 ft
Exposed Wall Height = 15 ft
Wall Thickness = 1.000 ft - Includes form liner on each face
Footing Toe Width = 4.250 ft
Footing Heel Width = 4.250 ft

DEAD LOAD (DC):

Loads based on linear foot of wall

Moment
Shape Arm @ CL
Iltem Density Length | Thickness| Factor Area Weight | of Footing | Moment
kef ft ft ft’ Kl ft k*ft
Noise Wall 0.150 17 1.00 1 17.00 2.55 0.00 0.00
Footing 0.150 9.5 1.00 1 9.50 1.43 0.00 0.00
Totals = 3.98 0.00

68



JOB NO. PS19203160 SHEET 20of 5
JOB NAME I-405 - Renton to Bellevue Design-Build
\\loo Supervisor WPM TASK CIP Noise Wall 6
¢ BY RUK DATE 12/21/2021
CHK'D. BY MGH DATE 12/22/2021
VERTICAL 50IL LOAD (EV):
Loads based on linear foot of wall
Moment
Shape Arm @ CL
Iltem Density Width Height Factor Area Weight | of Footing [ Moment
of fit ft ft? KIf ft k*ft
Toe 0.120 4.25 5.67 1 24.08 3.13 -2.63 -8.22
Heel 0.13C 4.25 9.67 1 41.08 5.34 2.63 14.02
Totals = 8.47 5.80

HORIZONTAL SOIL LOAD (EH):

- Not required when seismic soil is being included. (AASHTO C11.6.5.1)

EH = (1/2)*Ka*Y*ii? $=
EH = 0.2:5 kIf Ka =
Moment Arm @ B/Footing = 1.33 ft Y=
Moment = 0.3 k*ft H=
WIND LOAD (WS):
P, = 2.56X10"°*V**K, *G*C,,
V= 110 mph
Vstrv= 80 mph
Vsery 1= 70 mph
Kz str= 0.71
Kz_serv= 1.0
G= 0.85
Cp= 1.2
Z= 7.33 = Exposed Noise Wall Height at the Back Face
Pz stru= 0.022 ksf
Pz strv= 0.012 ksf
P2 servi= 0.013 ksf
Py = P,*Z
Moment Arm @ B/Footing = 14.7 ft
Linear feet of Wall
Pw Moment
kIf k*ft
STRIII 0.16 2.4
STRV 0.09 1.3
SERV | 0.09 14

- Py is a line load applied at 0.55*Z from the top of roadway.

- Moment Arm is from the top of the retaining wall.
=0.55*(Noise Wall Height + Traffic Barrier Height) + Slab Thickness

38 degrees
0.24
0.13 kcf
4.00 ft

(AASHTO 3.8.1.2.4)

(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table €3.8.1.2.1-1)
(AASHTO 3.8.1.2.1)
(AASHTO Table 3.8.1.2.1-1)
(AASHTO Table 3.8.1.2.1-2)

(AASHTO 3.8.1.2.4)

(AASHTO 3.8.1.2.4)
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SEISMIC ACTIVE FARTH PRESSURES (EQ.,;):

Pseis = P e LRFD 11.6.5.1
Peis= 0761  kIf P..is is applied 1/3 height of soil.
Pag = 761 kIf LRFD 11.6.5.3-2

Par = 0.5%*Kue*h’

- Monobe-Okabe Analysis LRFD A11.3.1

Figore All.3 1-1—Monoo obe-Okabe Method Force Diagrams

K- cos” (0=8y, =F) s fsmI:¢I+ﬁ|l:m{¢—BME:,—i! A1121D)
" cosBycos Beos{B - BBy 1Jcns|\ﬁ+ Bt By heosii— )
where:
Eue=  seismic active earth pressure coefficient (dim)
¥ = unitweight of seal (kef)
H = height of wall (ff)
h = height of wall at back of wall "zel considermg height of slopmg surcharge, if present (ft)
§ = frichon angle of scil (degrees)
Buo = aretan [k/(1 - k)] (degrees)
&6 = wall backfill mterface friction ang!» (degrees)
k. = honzontal seismic acceleration coefeient (dim )
k. = wertical selsmuc acceleration coefficient (dmm.)
i = backfill slope angle (degrees)
B = slope of wall to the vertical, negative a- shown (degrees)
Kng = 0.732 ~
Y= 0.42 Y= N /sin(¢+5)sin(¢—9Mo—i)
Yo = 0130  kef \ cos(8+B+ 6,5 cos (i)
H= 4.0 ft Height of soil and footing
b= 38.00 degrees
0= 26.4 degrees
6=2/3*p= 25.3 degrees
ki, = 1.0%k},o = 0.497 Note: 0.5*kh0=0.249, by using 1.0*kho this increased the Extreme Event Moment by 2% and the
ke = A= 0.497 Lateral load by 16%. This small increase does not affect the outcome of the calc.
ho = Ms — .
k, = 0.0
i= 0.0 degrees
B= 0.0 degrees
Moment Arm @ B/Footing = 1.33 ft
Moment = 1.0 k*ft
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SEISMIC FORCES ON WALL (EQy.):

(See Attached Calc)

Shear at base of wall = 1.7 k
Moment on wall = 20.1 k*ft
LOAD SUMMARY
Force
Load Vertical Lateral Moment
P, (kips) Py (kips) (kips)
DC 4.0 0.0
EV 8.5 5.8
EH 0.5 0.9
WSsram 0.16 2.4
WSqrrv 0.09 13
WSeery | 0.09 1.
EQ., 08 10 |
EQan 1.7 201
Calculate Bearing Pressure
Load Combinations (AASHTO Table 3.4.1-1)
Force

Load Combination Vertical Lateral | Moment e B' o,

P, (kips) | Py (kips) (kips) ft ft ksf
STRENGTH IlI: 1.25DC+1.5EH+1.0(EV+WS) 13.4 1.0 9.6 0.7 8.1 1.66
STRENGTH V: 1.25DC+1.5EH+1.0(EV+WS) 13.4 0.9 8.4 0.6 8.2 1.63
EXT EVENT I: 1.0(DC+EV+EQq;+EQ, 1) 12.4 2.4 26.9 2.2 5.2 2.41
SERVICE I: 1.0(DC+EV+EH+WS) 12.4 0.6 8.1 0.7 8.2 1.52
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Eccentricity = e =M/P,
B= 9.50 ft B'=B-2e

The vertical stress shall be calculated as follows:

>z
G, =
B-2e

Check Eccentricity Limits

(11.63.2-1)

(AASHTO 11.6.3.3)

- The location of the resultant is limited tc the middle two-thirds of the width of the foundation.

emax = B/3 3.17 ft
Force
Load Combination Vertical Lateral Moment e Middle
P, (kips) [ Py (kips) (kips) ft Two-Thirds
STRENGTH IlI: 0.9DC+1.5EH+1.00(EV+WS) 12.0 1.0 9.6 0.7 Yes OK
STRENGTH V: 0.9DC+1.5EH+1.00(EV+WS) 12.0 0.9 8.4 0.6 Yes OK
EXT EVENT I: 1.0(DC+EV+EQ,o;+EQy,1) 12.4 2.4 26.9 2.2 Yes |OK
SERVICE I: 1.0(DC+EV+EH+WS) 12.4 0.6 8.1 0.7 Yes OK
Check Sliding (AASHTO 10.6.3.4 and AASHTO 11.5.6)
Force
Load Combination Vertical Lateral ¢rRTt  |IsRt>Vx?
P, (kips) [ Py (kips) kips
STRENGTH 11I: 0.90DC+1.5EH+1.00(EV+WS) 12.0 1.0 7.5 Yes oK
STRENGTH V: 0.9DC+1.5EH+1.00(EV+WS) 12.0 0.9 7.t Yes OK
EXT EVENT I: 1.0(DC+EV+EQ,o;+EQy1) 12.4 2.4 7.8 Yes |OK
SERVICE I: 1.0(DC+EV+EH+WS) 12.4 0.6 7.8 Yes OK
Sliding Resistance = ¢{Rt = ¢7CP, tan ¢ (AASHTO 10.6.3.4-2)
$r=0.8 (AASHTO Table 10.5.5.2.2-1)
C=1.0
¢ = 38 degrees
Coeffient of Friction =tan ¢¢ = 0.78 (AASHTO C3.11.5.3)
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SOUND BARRIER DESIGN FORCE
NOISE BARRIER CIP WALL TYPE GEOMETRY
Wall Length L= 1 ft
Wall/Wall Height H= 17 ft
Wall Thickness T= 12 in
MATERIALS
Wall Concrete f'= 4 ksi
Y= 0.15 kcf
E.= 4266 ksi
Reinforcing Steel fy = 60 ksi
Es = 29000 ksi
DEAD LOAD
Weight of Wall
Vertical Dead Load D= 2.55 kips

SEISMIC FORCE

Seismic design shall be in accordance with AASHTO LRFD Article 3.10.2.1-General Procedure, considering site class D:

a. Modal analysis shall be performed for the first 4 periods. Elastic seismic response coefficient Csm shall be computed for eacl
modal period in accordance with LRFD Article 3.10.4.2 and all 4 Csm coefficients shall be combined through the SRSS methoc

b. The resultant seismic force shall be considered to act at a height of 0.71H above the top of the shaft,
where H is the total height measured from the top of the Wall to the top of the shaft.

Structural Modeling

Modeling the column as a cantilever beam

The mass of column and ajacent Walls is uniformly distributed along the column

Uniform Weight
Uniform Mass

Column
Modulus

Gravity

2
0.15 kips/ft
0.0004
1728 in*
4266 ksi
386 in/sec’

x

<
<

-
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Modal Analysis
Uss Py Us, P3 Uy, Py Uy, Py
1/4mL l 1/4mL 1/4mL El, m 1/8mL
a4 1/4L < 1/4L e 1/4L

le

L

]

Flexibility Matrix
p1=

Uy
Uz
Us

Uy

ug
Uz
Us

Uy

Uy
Uz
Us

Uy

0.00
0.25
0.50
0.75

0.25
0.75

0.00
0.25
0.50
0.75

0.25
0.5
0.75

0.5
0.5

u

0.33333333
0.21093750
0.10416667
0.02864583

u

0.2109375
0.1406250
0.0729167
0.0208333

u

0.104166667
0.072916667
0.041666667
0.013020833
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Pg= 1
a= 0.75
b= 0.25
X u
ug 0.00 0.028645833
u, 0.25 0.020833333
us 0.50 0.013020833
Uy 0.75 0.005208333
Flexibility Matrix
p;=1 p,=1 ps=1 Pa=1
u; = L3/EI* 0.3323 0.2109 0.1042 0.0286
u, = L3/EI* 0.2109 0.1406 0.0729 0.0208
us = L3/EI* 0.1042 0.0729 0.0417 0.0130
Uy = L3/EI* 0.0286 0.0208 0.0130 0.0052
Stiffness Matrix K
EI/L3 102.928 -233.567 166.268 -47.505
EI/L3 -233.567 633.402 -613.608 285.031
EI/L3 166.268 -613.608 918.433 -756.124
EI/L3 -47.505 285.031 -756.124 1203.464
K= 89.378 -202.819 144.380 -41.251
-202.819 550.017 -532.829 247.508
144.380 -532.829 797.525 -656.583
-41.251 247.508 -656.583 1045.033
Mass Matrix M
1/8mL 0 0 0
0 1/4mL 0 0
0 0 1/4mL 0
0 0 0 1/4mL
M= 0.000825777 0 0 0
0 0.001651554 0 0
0 0 0.001651554 0
0 0 0 0.001651554
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First Mode
w, K-wnZ*M
1535.67C 88.110 -202.819 144.380 -41.251
-202.819 547.481 -532.829 247.508
144.380 -532.829 794.989 -656.583
-41.251 247.508 -656.583 1042.496
Det(K—wnZ*M)=0 0.000003 goal seek (Set cell: Det(K—wnz*M), To value: 0, By changing cell: wlz)
o= 39.188 |rad/sec T, = |0.160
Second Mode
w,> | wnZ*M
53054.10 45.56692537 -202.819 144.380 -41.251
-202.819 462.395 -532.829 247.508
144.380 -532.829 709.903 -656.583
11.251 247.508 -656.583 957.411
Det(K—wnZ*M)=0 0.000258 goal seek (Set cell: Det(K—wnz*M), To value: 0, By changing cell: wlz)
0y 230335 |rad/sec 2= lo.027
Third Mode
e K-wnZ*M
372045.06 -217.849 -202.819 144.380 -41.251
-202.819 -64.435 -532.829 247.508
144.380 -532.829 183.072 -656.583
-41.251 247.508 -656.583 430.580
Det(K—wnZ*M)=0 -0.000003 goal seck (Set cell: Det(K—wnz*M), To value: 0, By changing cell: wlz)
3= 609.955 |rad/sec T,= l0.010
Fourth Mode
e K-wnZ*M
1130280.51 -843.982 -202.819 144.380 -41.251
-202.819 -1316.703 -532.829 247.508
144.380 -532.829 -1069.195 -656.583
-41.251 247.508 -656.583 -821.687
Det(K—wnZ*M)=0 0.00028851 goal seek (Set cell: Det(K—wnz*h, ), To value: 0, By changing cell: wlz)
= 1063.147  |rad/sec T,= 0.006

|sec
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Summary
Mod  (rad/sec) T (sec)
1 39.188 0.160
2 230.335 0.027
3 609.955 0.010
4 1063.147 0.006
NATURAL PERIODS By Equation
K, [EIg
f‘n. 27r V wl4
T,=1/f, w, =21/T,
First Mode Ky = 3.52
Second Mode Ki= 22.03
Third Mode Ky = 61.7
Fourth Mode Kq = 1209
g= 386
Mode Natural Frequency Natural period Natural Frequency
f, (Hz) T, (second) ®, (Rad/Sec)
1 6.416 0.156 40.311
2 40.198 0.025 252.573
3 112.584 0.009 707.387
4 220.607 0.005 1386.112
First Mode
K—WIZM 88.110 -202.819 144.380 -41.251
-202.819 547.481 -532.829 247.508
144.380 -532.¢29 794.989 -656.583
-41.251 247.50 -656.583 1042.496
0.0086031 0.0085013 0.0033117 -203
0.0085013 0.0110221 0.0049236 144
0.0033117 0.0049236 0.0032739 -41
Mode Shape Plot
o = 1 0 1.000
0.654 0.250 0.654
0.336 0.500 0.336
0.096 0.750 0.096
1.000 0.000

1.500

First Mode Shape

1.000
0.500 \\‘\\
0.000 —
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Secod Mode
K-WZZM 45.567 -202.819 144.380 -41.251
-202.819 462.395 -532.829 247.508
144.380 -532.829 709.903 -656.583
-41.251 247.508 -656.583 957.411
-0.0091425 -0.0127859 -0.0064050 -202.819
-0.0127859 -0.0140297 -0.0063160 144.380
-0.0064050 -0.0063160 -0.0016312 -41.251
Mode Shape Plot
b= 1 0 1.000
-0.272 0.250 -0.272
-0.828 0.500 -0.828
-0.454 0.750 -0.454
1.000 0.000
Second Mode Shape
2.000
[ SN
0.000
0 0 1 1 1
-2.000
Third Mode
K-w32M -217.849 -202.819 144.380 -41.251
-202.819 -64.435 -532.829 247.508
144.380 -532.829 183.072 -656.583
-41.251 247.508 -656.583 430.580
-0.0056437 0.0010721 0.0048789 -202.819
0.0010721 -0.0014259 -0.0027906 144.380
0.0048789 -0.0027906 -0.0047374 -41.251
Mode Shape Plot
b= 1 0 1.000
-1.098 0.250 -1.098
0.308 0.500 0.308
1.197 0.750 1.197
1.000 0
Third Mode Shape
2.000
0.000 \
0 0 1 1 1 1
-2.000
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Fourth Mode
K-w42M -843.982 -202.819 144.380 -41.251
-202.819 -1316.703 -532.829 247.508
144.380 -532.829 -1069.195 -656.583
-41.251 247.508 -656.583 -821.687
-0.0038182 0.0051228 -0.0052436 -202.819
0.0051228 -0.0087096 0.0085027 144.380
-0.0052436 0.0085027 -0.0095907 -41.251
Mode Shape Plot
b= 1 0 1.000
-1.730 0.250 -1.730
2.647 0.500 2.647
-2.687 0.750 -2.687
1.000 0.000
Fourth Mode Shape
10.000
0.000 &—0o__ o —— ’.\._/4
0 0 0 1 1 1 1
-10.000
Mode Shape Matrix 1.000 1.000 1.000 1.000
0.654 -0.272 -1.098 -1.730
0.336 -0.828 0.308 2.647
0.096 -0.454 1.197 -2.687
Transpose Mode Shape Matrix 1.000 0.654 0.336 0.096
1.000 -0.272 -0.828 -0.454
1.000 -1.098 0.308 1.197
1.000 -1.730 2.647 -2.687
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Generalized Mass 0.0008 0.0011 0.0006 0.0002
0.0008 -0.0004 -0.0014 -0.0008
0.0008 -0.0018 0.0005 0.0020
0.0008 -0.0029 0.0044 -0.0044
M, = 0.002 0.000 0.000 0.000
0.000 0.002 0.000 0.000
0.000 0.000 0.005 0.000
0.000 0.000 0.000 0.029
Generalized Stiffness 1.268 1.659 0.852 0.243
43.811 -23.873 -72.566 -39.818
307.226 -674.776 189.369 735.509
933.360 -3230.044 4941.653 -5015.377
K, = 2.663 0.000 0.000 0.000
0.000 128.507 0.000 0.000
0.000 0.000 1987.027 0.000
0.000 0.000 0.000 33079.122
Verify Natural Frequency
Mode [0) Eigen Value Equation
1 39.188 39.188 40.311
2 230.335 230.335 252.573
3 609.955 609.955 707.387
4 1063.147 1063.147 1386.112
Generalized Force P, 0.000825777 0.001080249 0.000554845 0.000158332
0.000825777 -0.000449971 -0.001367776 -0.000750523
0.000825777 0.001813695 0.000508994 0.001976937
0.000825777 0.002857737 0.004372059 -0.004437286
Directional Vector 1 0.002619203
1 -0.001742492
1 0.001498013
1 -0.002097186
P, 1.5106
-0.7194
0.2805
-0.0717
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SEISMIC DESIGN PARAMETERS
Peak Ground Acceleration PGA = 0.422
Spectral Acceleration at 0.2 Second S = 0.959
Spectral Acceleration at 1 Second S, = 0.278
Site Class D
Site Factors: Foga 1.178
F,= 1.116
Fo= 2.044
Response Spectrum Sps = 1.070
Sp1= 0.568
Ts= 0.531
T,= 0.106
A= 0.497

ELASTIC SEISMIC RESPONSE COEFFICIENT C,,

AASHTO LRFD Article 3.10.4.2

- For periods less than or equal Ty:

For mode m, the elastic seismic response coefficient = C,, = As + (Sps — As) (T / Tp)
- For periods greater than Ty and less than or equal T : Cg,, = Sps
- For periods greater than T; : Csn=Sp1/ T

Mode  (rad/sec) T (sec) Com Coisp
1 39.188 0.160 1.070 0.40636
2 230.335 0.027 0.644 -0.00337
3 609.955 0.010 0.553 0.00016
4 1063.147 0.00 0.529 -0.00001
MODAL SPECTRUM ANALYSIS
Modal Displacements
Mode 1 Mode 2
o = ul 2= _ u2
1.000 0.40636 1.000 -0.00337
0.654 0.26579 -0.272 0.00092
0.336 0.13652 -0.828 0.00279
0.096 0.03896 -0.454 .00153
Mode 3 Mode 4
3 = u3 4 = 4
1.000 0.00016 1.000 -0.000013
-1.098 -0.00018 -1.730 0.000022
0.308 0.00005 2.647 -0.000034
1.197 0.00019 -2.687 0.00003:
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Total Displacements
u; = 0.41 in
Uy = 0.27 in
uz = 0.14 in
Uy = 0.04 in
Modal Base Shear
lode 1 Mode 2 Mode 3 Mode 4
V, 0.515 -0.148 0.049 -0.012
V, 0.67¢ 0.081 -0.109 0.042
V3 0.346 0.245 0.030 -0.064
V, 0.099 0.134 0.118 0.065
Total 1.634 0.312 0.090 0.031
Base Shear
SRSS 1.67 kips
Base Moment 20.12 kips-ft
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Stem Strength Design
Parameters
f,= 60 ksi WSDOT BDM 5.1.2/AASHTO 5.5.3.2
f.= 4 ksi WSDOT BDM 5.1.1.B.2
Arch. Treatments = 2 in
h= 10.00 in
b= 12 in AASHTO 5.10.1
cover = 2 in
Rebar # = 8
Rebar Diametear = 1in
Spacing = 10 in
= 8
Q- 0.90 AASHTO 5.5.4.2
o, 0.90 AASHTO 5.5.4.2
Check Moment Strength:
Mu = 26.16 k-ft Extreme Event
M(service) = 7.21 k-ft Service |
(OB 0.90
# of rebar = 1.20
Rebar Area = 0.79 in’
As= 0.95 in’

d = h-cover-(Rebar Diameter/2)

d= 7.50 in
Bi= 0.85

a = (As*fy)/(0.85*fc*b)
a= 1.39 in
c= H/Bl

c= 1.64 in

OMn = Q*As*fy*(d-a/2)
OMn = 29.02 k-ft
®Mn >Mu ? VES

Check Min. Reinforcement: (LRFD 5.6.3.3)
fr = 0.37*SQRT(fc)

AASHTO 5.6.2.2

AASHTO Eqgn. 5.6.3.1.2-4

AASHTO 5.6.3.2

fr= 0.74 ksi
Sx = b*h?/6
Sx = 200 in®
1.6 * Mcr = 1.6*fr*Sx
1.6* Mcr = 20 kips-ft
1.33*Mu= 35 kips-t

®Mn > MIN(1.6*Mcr,1.33*Mu ? YES
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Check Crack Control: (LRFD 5.6.7)
p = As/(b*d)
p= 0.01053
pfn = 0.08427
- = SQRT(pn’ + 2*pn)-pn
k= 0.33482
i=1-(k/3)
j= 0.888
fs = M(service)/(As*j*d)
fs = 13.69 ksi
0.6*fy = 36 ksi
fs <= 0.6*fy OKAY

Check if tension in cross-section exceeds 80% of modulus of rupture

fr = 0.24*SQRT(f'c)

fr=
0.8*fr =

0.48 ksi
).38 ksi

fT = M(service)/Sx

fT:
fT > 0.8*fr

d.= cover + Rebar Diameter/2

d.=

0.43 ksi

2.5 1n

Bs = 1+d./(0.7*(h-d.))

Bs=
Ye =

s <= (700*Ye / (Bs*fs))-2*d,
20.98 in

s<=

Provided Spacing =

1.48

EXCEEDS

LRFD 5.6.7.2

0.75 for class 2 exposure condition

10 in

OKAY

Shrinkage and Temperature Reinforcement (LRFD 5.10.6)

A, >= 1.3*b*h/(2*(b+h)*f,)

ASin =
Siax =

Try Bar #
Apar =

Spacing =
As =

0.11 in®
15 in
4
0.20 in®
15 in
0.16 in’/ft

OKAY
OKAY
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Wall Shear Design (LRFD 5.7)
b= 0.90
Vu = 2.08 kips
Shear Bar = 4
Area per Ber = 0.20 in’
Legs per Bar = 2
Av = Area per Bar * Legs per Bar
Av = 0.4 in’

Smac= Min (d/2, 24in)
Srma= 3.75 in

Ve= 2*SORT(f'c)*b*d

Vc= 11.38 kips
Req'd Vn= Vu/d,
Reqg'd Vn= 2.31 kips
Vc>Req'dVn? Shear Steel Not Required

éVn = $p(Vc+Vs) >= Vu
dVn = 10 OKAY

Development Length of Hooked Rebar in Stam and Grade Beam (LRFD 5.10.8.2.1a):

|db = 2'4*db* y/SQRT(\ )

lgp = 72 in
A= 1.0 for normal weight concrete
A= 1
A, = reinforcement locaticn factor, 1.3 if more than 12" concrete below reinf.
A= 1
A= coating factor
A= 1
dy = 1

¢, = MIN(cover,bar spacing/2)
Cp = 2
ki = cross-sect area of transv reinf.

ke = 0
A= reinforcement confinement factor, dp/(c,+ky)
A= 0.5
ASrequired = (Mu/®)/(f,*(d-a/2))
AS equired = 0.85 in’
Aer= 1.0 for seismic-force-resisting systerns
Aer= 1.00

la = lap * (AN A *Aer)/N
lg= 36.00 in
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Vertical Flexural Rebar to be Lapped with Hooked Rebar Design (AISC 14th Ed. Table 3-23-19):

Max = My
M,y = 26.16 kip-ft
L = Height of Noise Wall
= 17.00 ft
W= 2*Mpa/L
w= 0.18 kip/ft

x = Height of Noise Wall -Development Length of Hooked Rebar

X= 14.00 ft
M., = Wh/2
Y/ 17.74 kip-ft
Q= 0.90
Try Rebar Size 7
Try Spacing 10.00 in
# of rebar = 1.20
Rebar Area = 0.60 in’
As= 0.72 in’

d = h-cover-(Rebar Diameter/2)

d= 7.50 in
Bi= 0.85

a = (As*fy)/(0.85*fc*b)
a= 1.06 in
c=a/p,

c= 1.25 in

OMn = O *As*fy*(d-a/2)
OMn = 22.58 k-ft
@Mn>Mu? YES
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Footing Strength Design
Parameters
fy = 60 ksi WSDOT BDM 5.1.2/AASHTO 5.5.3.2
f.= 4 ksi WSDOT BDM 5.1.1.B.2/BDM 7.1.5
h= 12 in
b= 12 in
cover = 3in AASHTO 5.10.1
Rebar # = 8
Rebar Diameter = lin
Spacing = 10 in
n= 8
(OB 0.90 AASHTO 5.5.4.2
b, = 0.9¢ AASHTO 5.5.4.2

Check Moment Strength:

Oextr = 2.37 ksf Max bearing pressure applied
Osery = 1.50 ksf Service Load bearing pressure
L= 4.25 ft Heel of Footing Length
Mu = g*L%/2
Mu = 21.42 k-ft Extreme Event
M(service) = 13.55 k-ft Service |
Q= 0.90
# of rebar = 1.20
Rebar Area = 0.79 in%/ per bar
As= 0.95 in’

d = h-cover-(Rebar Diameter/2)

d= 8.50 in

Bi= 0.85 AASHTO 5.6.2.2

a = (As*fy)/(0.85*fc*b)

a= 1.39in

c=a/B,; AASHTO Eqn. 5.6.3.1.2-4
c= 1.64 in

®Mn = O*As*fy*(d-a/2)
OMn = 33.29 k-ft
®Mn > Mu ? YES

AASHTO 5.6.3.2

87



JOB NO. PS19203160 SHEET

20f3

I-405 - Renton to Bellevue Design-Build

JOB NAME
wc‘o Supervisor WPM TASK
b BY BJD DATE
CHK'D. BY RUK DATE

CIP Noise Wall 6

6/18/2021

6/18/2021

Check Min. Reinforcement: (LRFD 5.6.3.3)
fr = 0.37*SQRT(fc)

fr= 0.74 ksi

Sx = b*h?/6

Sx = 288 in®
1.6 * Mcr = 1.6*fr*Sx
1.6 * Mcr = 28.42 kips-ft
1.33* Mu = 28.49 kips-ft

®OMn > MIN(1.6*Mcr,1.33*Mu) ? YES

Check Crack Control: (LRFD 5.6.7)

p = As/(b*d)
p= 0.00929
p*n= 0.07435
k=SQ ‘T(pnz +2*pn)-pn
k= 0.31837
j=1-(k/3)
j= 0.894
fs = M(service)/(As*j*d)
fs = 22.58 ksi
0.6*fy = 36 ksi
fs <= 0.6%fy OKAY

Check if tension in cross-section exceeds 80% of modulus of rupture
fr = 0.24*SQRT(f'c)

fr= 0.48 ksi
0.8*fr = 0.38 ksi
fT = M(service)/Sx
fT = 0.56 ksi
fT > 0.8*fr EXCEEDS

d. = cover + Rebar Diameter/2

d.= 3.5in
Bs = 1+d./(0.7*(h-d.)) LRFD 5.6.7.2
Bs = 1.59
Ye = 1.00 for class 1 exposure condition
s <= (700*Ye / (Bs*fs))-2*d,
s <= 12.52 in
Provided Spa. = 10 in OKAY

Shrinkage and Temperature Reinforcement (LRFD 5.10.6)
A, >= 1.3*b*h/(2*(b+h)*f))

ASpmin = 0.11 in’
Sax = 18 in
Try Bar # = 4
Apar = 0.20 in’
Spacing = 18 in OKAY
As = 0.13 in’/ft OKAY
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Footing Shear Design (LRFD 5.7)
b, = 0.90
Footing Width = 9.50 ft
Stem Width = 1.00 ft
Critical Section = Ls = (Footing Width -Stem Width)/2-d
Ls = 3.54 ft
Vu = g*Ls
Vu = 8.40 kips
Shear Bar = 5
Area per Bar = 0.79 in®
Legs per Bar = 2
Av = Area per Bar * Legs per Bar
Av = 1.58 in’
Smax= Min (d/2, 24in)
o= 4.25 in
Vc= 0.0316*B*A*V(f')*b*d,  LRFD5.7.3.3-3
= 1 LRFD 5.4.2.8
B= 2 LRFD 5.7.3.4
d, = MAX(0.9*d,0.72*h)
d, = 8.64 in
Vc= 13.11 kips
Req'd Vn= Vu/¢
Req'd Vn= 9 kips

Vc>Req'dVn?

¢éVn =
$Vn =

Shear Steel Not Required

$(Vc+Vs) >= Vu
12 OKAY
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Preliminary Analysis foi
Cast-In-Place Concrete Noise Wall on Footing
Maximum Total Wall Height = 18' with Minimum Embedment

DESIGN CRITERIA:
- WSDOT Bridge Design Manug!, July 2019
- AASHTO LRFD 8th Edition

- Geotechnical Engineering Repoit: Soldier Pile Wall 10.35L and Noise Wall 6

DESIGN ASSUMPTIONS:

- Exposed Wall Height is maximum 14'-4" front face and 10'-9" back face.

- Noise Wall is supporting 4' of fill.

- Seismic design is based on WSDOT BDI\ 8.2.2 and AASHTO LRFD 4.7.4.3.3.
- Noise Wall Dimensions are based on W5DOT Bridge Manual for Non-Standard Walls, page 8-23.

- Wind load is considered.
- Seismic soil forces are considered.
- Seismic internal wall forces are considered.

- Moment is positive with right hand rule at bottom center of footing. Right of center is positive,

Left of center is negative.
- Wall section applies rom STA 5+42.01 to STA 5+54.01

Try:
Footing Width = 9.50 ft
Footing Thickness = 1.00 ft
Wall Height = 18.0 ft
Exposed Wall Height = 14.4 ft
Wall Thickness = 1.000 ft
Footing Toe Width = 4.250 ft
Footing Heel Width = 4.250 ft

DEAD LOAD (DC):

Loads based on linear foot of wall

- Includes form liner on each face

Moment
Shape Arm @ CL
Item Density Length Thickness | Factor Area Weight [ of Footing | Moment
kcf ft ft ft? KIf fit k*ft
Noise Wall 0.150 18 1.00 1 18.00 2.70 0.00 0.00
Footing 0.150 9.5 1.00 1 9.50 1.43 0.00 0.00
Totals = 4.13 0.00
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VERTICAL SOIL LOAD (EV):
Loads based on linear foot of wall
Moment
Shape Arm @ CL
Item Density Width Height Factor Area Weight [ of Footing | Moment
kcf ft ft ft? kIf ft k*ft
Toe 0.130 4.25 3.50 1 14.88 1.93 -2.63 -5.08
Heel 0.130 4.2 7.08 1 30.08 3.91 2.63 10.27
Totals = 5.84 5.19

HORIZONTAL SOIL LOAD (EH):

EH = (1/2)*Ka*Y*H? ¢=
EH = 0.20 kIf Ka =
Moment Arm @ B/Footing = 1.19 ft Y=
Moment = 0.2 k*ft H=
WIND LOAD (WS):
P, = 2.56X10 **V**K,*G*Cy
Vsmru= 110 mph
Vsrrv= 80 mph
Vserv 1= 70 mph
Ky ste= 0.71
Kz_serv= 1.0
G= 0.85
Cp = 1.2
Z= 10.92 = Exposed Noise Wall Height at the Back Face
P, strui= 0.022 ksf
P, strv= 0.012 ksf
- 0.013 ksf
Pw = P,*Z
Moment Arm @ B/Footing = 14.1 ft

- Not required when seismic soil is being included. (AASHTO C11.6.5.1)

38 degrees
0.24
0.13 kef
3.58 ft

(AASHTO 3.8.1.2.4)

(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table €3.8.1.2.1-1)
(AASHTO 3.8.1.2.1)
(AASHTO Table 3.8.1.2.1-1)
(AASHTO Table 3.8.1.2.1-2)

(AASHTO 3.8.1.2.4)
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Linear feet of Wall
Pw Moment
kIf k*ft
STR Il 0.25 3.5
STRV 0.13 1.8
SERV | 0.14 2.0
- Py is a line load applied at 0.55*Z from the top of roadway. (AASHTO 3.8.1.2.4)

- Moment Arm is from the top of the retaining wall.
=0.55*%(Noise Wall Height + Traffic Barrier Height) + Slab Thickness

SEISMIC ACTIVE EARTH PRESSURES (EQgy;):

Pseis = PAE LRFD 11.6.5.1
Poie=  0.609  kIf P, is applied 1/3 height of soil.
Pe= 0609 ki LRFD 11.6.5.3-2

Pae = 0.5%7*K e *h’

- Monobe-Okabe Analysis LRFD A11.3.1

Figore A11.3.1-1—Mononobe-Okabe Me hod Force Diagrams

-

Ey- o (08Bl |, Js:i.nl:{l—ﬁhm4¢—ﬁ'“.o.—ill L1311
058y, cos Peos(B4+ P48y, 1Jc0:»|ﬁ+ B+ 8, hoos(i—[) |
where:
= seismic actrve earth pressure coefficient (dim)
Y = unitweight of soil (kef)
H = height of wall ()
h = height of wall at back of wall heel cons: Jermg height of slopmmg surcharge, if present (ft)
§ = fricton angle of soil (degrees)
Buo = arc tan [ka(1 — k)] (degrees)
& = wall backfill mterface friction angle (degr=23)
k. = hornzontal seismic acceleration coefficient | dim )
k, = vertical seismic aceelerztion coefficient {dnm )
i = Tbackfill zlope angle (degrees)
B = slope of wall to the vertical negative as shown (degrees)
k= 0.732 .
o= 0.42 W= sin(¢+8)sin($p—0,,, —7)
Y= 0.130 kef cos(8+B+0,,0 )cos(i—P)
SOl .
H= 3.6 ft Height of soil and footing
b= 38.00  degrees
0= 26.4 degrees
§=2/3*b = 25.3 degrees
ki = 1.0%ky,o = 0.497 Note: 0.5*kh0=0.249, by using 1.0*kho this increased the Extreme Event Moment by 1% and the

Lateral load by 13%. This smal! increase does not affect the outcome of the calc.

kio=A,=  0.497

k, = 0.0
i= 0.0 degrees
B= 0.0 degrees
Moment Arm @ B/Footing = 1.19 ft
Moment = 0.7 k*ft
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SEISMIC FORCES ON WALL (EQ4): (See Attached Calc)
Shear at base of wall = 1.8 k
Moment on wall = 22.6 k*ft
LOAD SUMMARY
Force
Load Vertical Lateral Moment
P, (kips) Py (kips) (kips)
DC 4.1 0.0
EV 5.8 5.2
EH 0.3 0.4
WSsrr 0.25 3.5
WSeray 0.13 1.8
WSeery 0.14 0
EQq; 0.6 0.7 |
EQuai 1.8 22.6 |
Calculate Bearing Pressure
Load Combinations (AASHTO Table 3.4.1-1)
L - Force Moment

Load Combination Vertical Lateral e B' o,

P, (kips) | Py (kips) (kips) ft ft ksf
STRENGTH Ill: 1.25DC+1.5EH+1.0(EV+WS) 11.0 0.7 9.2 0.8 7.8 141
STRENGTH V: 1.25DC+1.5EH+1.0(EV+WS) 11.0 0.6 7.6 0.7 8.1 1.36
EXT EVENT I: 1.0(DC+EV+EQ,o;+EQu,1) 10.0 2.4 28.5 2.9 3.8 2.63
SERVICE I: 1.0(DC+EV+EH+WS) 10.0 0.5 | 7.6 0.8 8.0 1.25

Eccentricity = e =M/P,
B= 9.50 ft B'=B-2e

The vertical stress shall be calculated as follows:

3

G, =
B-2e

(11.63.2-1)
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Check Eccentricity Limits

(AASHTO 11.6.3.3)

- The location of the resultant is limited to the middle two-thirds of the width of the foundation.

emax = B/3 3.17 ft
Force
- Moment
Load Combination Vertical Lateral e Middle
P, (kips) | Py (kips) (kips) ft Two-Thirds
STRENGTH Ill: 0.9DC+1.5EH+1 .00(EV+WS) 9.6 0.7 9.2 0.8 Yes OK
STRENGTH V: 0.9DC+1.5EH+1.00(EV+WS) 9.6 0.6 7.6 0.7 Yes OK
EXT EVENT I: 1.0(DC+EH+EV+EQ+EQ,,) | 10.0 2.4 28.5 2.9 Yes |OK
SERVICE I: 1.0(DC+EV+EH+WS) 10.0 0.5 7.6 0.8 Yes OK
Check Sliding (AASHTO 10.6.3.4 and AASHTO 11.5.6)
Force
Load Combination Vertical Lateral &Rt [IsRt>Px?
P, (kips) | Py (kips) kips
STRENGTH Ill: 0.90DC+1.5EH+1.00(EV+WS) 9.6 0.7 6.0 Yes OK
STRENGTH V: 0.9DC+1.5EH+1.00(EV+WS) 9.6 0.6 6.0 Yes OK
EXT EVENT I: 1.0(DC+EH+EV+EQ+EQ,,) |  10.0 2.4 6.2 Yes |OK
SERVICE I: 1.0(DC+EV+EH+WS) 10.0 0.5 6.2 Yes OK
Sliding Resistance = ¢Rt = ¢1CP, tan ¢ (AASHTO 10.6.3.4-2)
$r=0.8 (AASHTO Table 10.5.5.2.2-1)
C=1.0
s =38 degrees

Coeffient of Friction = tan ¢;= 0.78

(AASHTO C€3.11.5.3)
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SHEET
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I-405 - Renton to Bellevue

WPM
MGH

BID

TASK
DATE

DATE

CIP Noise Wall 6

6/18/2021

6/18/2021

SOUND BARRIER DESIGN FORCE

NOISE BARRIER CIP WALL TYPE GEOMETRY

Wall Length
Wall/Wall Height
Wall Thickness

MATERIALS
Wall Concrete

Reinforcing Steel

DEAD LOAD
Weight of Wall

Vertical Dead Load

SEISMIC FORCE

Seismic design shall be in accordance with AASHTO LRFD Articie 3.10.2.1-General Procedure, considering site class D:

L=
H=
T=

18
12

0.15
4266

60
29000

2.70

ft
ft

ksi
kef
ksi

ksi

kips

a. Modal analysis shall be performed for the first four periods. The elastic seismic response coefficient Csm shall be computed for each

modal period in accordance with AASHTO LRFD Article 3.10.4.2 and all four Csm coefficients shall be combined through the SRSS method

b. The resultant seismic force shall be considered to act at a height of 0.71H above the top of the shaft,
where H is the total height measured from the top of the Wall to the top of the shaft.

Structural Modeling

Modeling the column as a cantilever beam

The mass of column and ajacent Walls is uniformly distributed along the column

Uniform Weight
Uniform Mass

Column
Modulus

Gravity

0.15
0.0004
1728
4266
386

kips/ft

r
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JOB NO. PS19203160 SHEET 20of9

JOB NAME I-405 - Renton to Bellevue

wc‘o Supervisor WPM Task  CIP Noise Wall 6
* BY MGH DATE 6/18/2021

CHK'D. BY BID DATE 6/18/2021

Modal Analysi:
Uas Py U3, P3 Uy, Py Uy, Py
1/8mL

<

%
Flexibility Matrix
P1=

Ug
Uy
Us

Uy

Ug
U
Us

Uy

Ug
Uy
U3

Uy

Ug
U
Us

Uy

0.00
0.25
0.50
0.75

0.25
).75

0.0

0.25
0.50
0.75

0.25
0.5
0.75

0.75
0.25

0.00
0.25
0.50
0.75

0.5
0.5

u
0.33333333
0.21093750
0.10416667
0.02864583

u
0.2109375
0.1406250
0.0729167
0.0208333

u
0.104166667
0.072916667
0.041566667
0.013020833

u
0.028645833
0.020833333
0.013020833
0.005208333
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JOB NO. PS19203160 SHEET 30f9
JOB NAME I-405 - Renton to Bellevue
woo Supervisor WPM Task  CIP Noise Wall 6
* BY MGH DATE 6/18/2021
CHK'D. BY BID DATE 6/18/2021
Flexibility Matrix
p:=1 p.=1 ps=1 pa=1
u; = L3/EI* 0.3333 0.2109 0.1042 0.0286
u, = LS/EI* 0.2109 0.1406 0.0729 0.0208
uz = L3/EI* 0.1042 0.0729 0.0417 0.0130
Uy = LS/EI* L 0.0286 0.0208 0.0130 0.0052
Stiffness Matrix K
EI/L3 102.928 -233.567 166.268 -47.505
EI/L3 -223.567 633.402 -613.608 285.031
EI/L3 166.268 -613.608 918.433 -756.124
EI/L3 -47.505 285.031 -756.124 1203.464
K= 75.294 -170.859 121.628 -34.751
-170.859 463.346 -448.867 208.506
121.628 -448.867 671.852 -553.119
-34.751 208.506 -553.119 880.358
Mass Matrix M
1/8mL 0 0 0
0 /4mL 0 0
0 0 1/4mL 0
0 0 0 1/4mL
M= 0.000874352 0 0 0
0 0.001748705 0 0
0 0 0.001748705 0
0 0 0 0.001748705
First Mode
w,’ K-w,>*M
1221.810 74.225 -170.859 21.628 -34.751
-170.859 461.210 -418.867 208.506
121.628 -448.867 669.715 -553.119
-34.751 208.506 -553.119 878.221
Det(K—wnz*M)=0 -3.49947E-05 goal seek (Set cell: Det(K—wnz*M), "o value: 0, By changing cell: wlz)
;= 34.954 rad/sec T, = 0.180
Second Mode
w,’ K-w,,*M
42210.90 38.38654052 -170.859 121.628 -34.751
-170.859 389.532 -448.867 208.506
121.628 -448.867 598.037 -553.119
-34.751 208.506 -553.119 806.543

Det(K-w,2*M)=0

;=

4.61862E-06 goal seek (Set cell

205.453

|rad/sec

: Det(wanz*M), To value: 0, By changing cell: wlz)

T,= [0.031

|SEC
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JOB NO. PS19203160 SHEET 4 0of 9
JOB NAME I-405 - Renton to Bellevue
WOOd Supervisor WPM Task  CIP Noise Wall 6
* sy  MGH DATE 6/18/2021
CHK'D. BY BID DATE 6/18/2021
Third Mode
W K-w,*M
296006.48 -183.520 -170.859 121.628 -34.751
-170.859 -54.282 -448.867 208.506
121.628 -448.867 154.224 -553.119
-34.751 208.506 -553.119 362.730
Det(K-wnZ*M)=O -6.07873E-06 goal seek (Set cell: Det(wanz*M), To value: 0, By changing cell: wlz)
;= |__ 544.065 rad/sec T,= |0.012
Fourth Mode
w42 K-wnz*M
899273.73 -710.588 -170.859 121.628 -34.751
-170.85¢ -1109.218 -448.867 208.506
121.628 -448.867 -900.712 -553.119
-34.751 208.506 -553.119 -692.207
Det(K-w,>*M)=0 0.000172484 goal seek (Set cell: Det(K-w,”*M), To value: 0, By changing cell: w,%)
W= 948.300 rad/sec Ty= 0.007
Summary
Mode o (rad/sec) (sec)
1 34.954 0.180
2 205.453 0.031
3 544.065 0.01.
4 948.300 0.007 |
NATURAL PERIODS By Equation
K, [EIg
fn ) 271_ V wl4
T, =1/f, w, =21/T,
First Mode K= 3.52
Second Mode Ky = 22.03
Third Mode K3 = 61.7
Fourth Mode Ky = 120.9
g= 386
Mode Natural Frequency Natural period Natural Frequency
f, (Hz) T, (second) o, (Rad/Sec)
1 5.723 0.175 35.956
2 35.856 0.028 225.289 ]
3 100.422 0.010 630.972 T
4 196.776 0.005 1236.378 T
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JOB NO. PS19203160 SHEET 50f9
' JOB NAME I-405 - Renton to Bellevue
wooo Supervisor WPM Task  CIP Noise Wall 6
. sy  MGH DATE 6/18/2021
CHK'D. BY BID DATE 6/18/2021
First Mode
K-wle 74.225 -170.859 121.628 -34.751
-170.859 461.210 -448.867 208.506
121.628 -448.867 669.715 -553.119
-34.751 208.506 -553.119 878.221
0.0102124 0.0100915 0.0039312 -171
0.0100915 0.0130838 0.0058445 122
0.0039312 0.0058445 0.0038863 -35
Mode Shape Plot
o = 1 0 1.000
0.654 0.250 0.654
0.336 0.500 0.336
0.096 0.750 0.096
1.000 0.000
First Mode Shape
1.500
1.000
0.500 .\\
0.000 \'\o
0 0 0 1 1 1 1
Secod Mode
K—WZZM 38.387 -170.859 121.628 -34.751
-170.859 389.532 -448.867 208.506
121.628 -448.867 598.037 -553.119
-34.751 208.506 -553.119 806.543
-0.0108526 -0.0151776 -0.0076031 -170.859
-0.0151776 -0.0166540 -0.0074975 121.628
-0.0076031 -0.0074975 -0.0019363 -34.751
Mode Shepe Plot
& = 1 0 1.000
-0.272 0.250 -0.272
-0.828 0.500 -0.828
-0.454 0.750 -0.454
1.000 0.000
Second Mode Shape
2.000
0.000 ——e
0 1 1 1
-2.000
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JOB NO. PS19203160 SHEET 6 0f9
JOB NAME I-405 - Renton to Bellevue
W\jo Supervisor WPM Task  CIP Noise Wall 6
BY MGH DATE 6/18/2021
CHK'D. BY BID DATE 6/18/2021
Third Mode
K-w32M -183.520 -170.859 121.628 -34.751
-170.859 -54.282 -448.867 208.506
121.628 -448.867 154.224 -553.119
-34.751 208.506 -553.119 362.730
-0.0066994 0.0012726 0.0057915 -170.859
0.0012726 -0.0016927 -0.0033126 121.628
0.0057915 -0.0033126 -0.0056236 -34.751
Mode Shape Plot
Oy = 1 0 1.000
-1.098 0.250 -1.098
0.308 0.500 0.308
1.197 0.750 1.197
1.000 0
Third Mode Shape
2.000
0.000
0 0 1 1 1 1
-2.000
Fourth Mode
K—W42M -710.988 -170.859 121.628 -34.751
-170.859 -1109.218 -448.867 208.506
121.628 -448.867 -900.712 -553.119
-34.751 208.506 -553.119 -692.207
-0.0045324 0.0060811 -0.0062244 -170.859
0.0060811 -0.0103388 0.0100931 121.628
-0.0062244 0.0100931 -0.0113846 -34.751
Mode Shape Plot
by = 1 0 1.000
-1.730 0.250 -1.730
2.647 0.500 2.647
-2.687 0.750 -2.687
1.000 0.000

Mode Shape Matrix

Fourth Mode Shape

0 0 0
-5.000
1.000 1.000 1.600 1.000
0.654 -0.272 -1.098 -1.730
0.336 -0.828 0.308 2.647
0.096 -0.454 1.197 -2.687
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JOB NO. PS19203160 SHEET 7 of 9
JOB NAME I-405 - Renton to Bellevue
WOO Supervisor WPM Task  CIP Noise Wall 6
* BY MGH DATE 6/18/2021
CHK'D. BY BID DATE 6/18/2021
Transpose Mode Shape Matrix 1.000 0.654 0.336 0.096
1.000 -0.272 -0.828 -0.454
1.000 -1.098 0.308 1.197
1.000 -1.730 2.647 -2.687
Generalized Mass 0.0009 0.0011 0.0006 0.0002
0.0009 -0.0005 -0.0014 -0.0008
0.0009 -0.0019 0.0005 0.0021
0.0009 -0.0030 0.0046 -0.0047
M, = 0.002 0.000 0.000 0.000
0.000 0.003 0.000 0.000
0.000 0.000 0.006 0.000
0.000 0.000 0.000 0.031
Generalized Stiffness 1.068 1.397 0.718 0.205
36.907 -20.111 -61.131 -33.544
258.214 -568.446 159.528 619.609
786.282 -2721.057 4162.953 -4225.060
Kn = 2.243 0.000 0.000 0.000
0.000 108.257 0.000 0.000
0.000 0.000 1673.913 0.000
0.000 0.000 0.000 27866.551
Verify Natural Frequency
Mode ® Eigen Value Equation
1 34.954 34.954 35.956
2 205.453 205.453 225.289
3 544.065 544.0655 630.972
4 948.300 948.300 1236.378
Generalized Force P, 0.000874352 0.00114379: 0.000587483 0.000167646
0.000874352 -0.00047644 -0.001448233 -0.000794671
0.000874352 -0.001920383 0.000538935 0.002093227
0.000874352 -0.003025839 0.004629239 -0.004698302
Directional Vector 1 ).002773274
1 -0.001844992
1 0.001586131
1 -0.00222055
P, 1.5106
-0.7194
0.2805
-0.0717
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I-405 - Renton to Bellevue

WPM
MGH

BID

TASK
DATE

DATE

CIP Noise Wall 6

6/18/2021

6/18/2021

SEISMIC DESIGN PARAMETERS
Peak Ground Acceleration

Spectral Acceleration at 0.2 Second
Spectral Acceleration at 1 Second
Site Class

Site Factors:

Response Spectrum

ELASTIC SEISMIC RESPONSE COEFFICIENT C,,

AASHTO LRFD Article 3.10.4.2

- For periods less than or equal Ty:

For mode m, the elastic seismic response coefficient = Gy, = Ag + (Sps — Ag) (T / Tp)
- For periods greater than Ty and less than or equal T, : Cqy, = Spg
- For periods greaterthan Tg : Cg,,=Sp1/ Ty

PGA =

S; =

pga

0.422
0.959
0.278

1.178
1.116
2.044
1.070
0.568
0.531
0.106
0.497

Mode  (rad/sec) T (sec) Com Coisp
1 34.954 0.180 1.070 0.51075
2 205.453 0.031 0.662 -0.00436
3 544.065 0.012 0.559 0.00020
4 948.300 0.007 0.533 -0.00002
MODAL SPECTRUM ANALYSIS
Modal Displacements
Mode 1 Mode 2
¢ = ul n = u2
1.000 0.51075 1.000 -0.00436
0.654 0.33407 -0.272 0.00119
0.336 0.17159 -0.828 0.00361
0.096 0.04896 -0.454 0.00198
Mode 3 Mode 4
3 = u3 4 = ud -
1.000 0.00020 1.000 -0.000016
-1.098 -0.00022 -1.730 0.000028
0.308 0.00006 2.647 -0.000043
1.197 0.00024 -2.687 0.000044
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JOB NO. PS19203160 SHEET 90of9
JOB NAME I-405 - Renton to Bellevue
woad Supervisor WPM Task  CIP Noise Wall 6
* BY MGH DATE 6/18/2021
CHK'D. BY BID DATE 6/18/2021
Total Displacements
u, = 0.51 in
u, = 0.33 in
Uz = 0.17 in
Ug = 0.05 in
Modal Base Shear
Mode 1 Mode 2 Mode 3 Mode 4
Vi 0.546 -0.161 0.053 -0.013
V, 0.714 0.088 -0.116 0.045
V3 0.367 0.266 0.033 -0.068
V, 0.105 0.146 0.127 0.069
Total 1.731 0.239 0.096 0.033
Base Shear
SRSS 1.77 kips
Base Moment 22.58 kips-ft
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JOB NO. PS19203160 SHEET 10of4
JOB NAME I-405 - Renton to Bellevue
wo o Supervisor WPM TASK CIP Noise Wall 6
e BY BID DATE 6/18/2021
CHK'D. BY MGH DATE 6/18/2021
Stem Strength Design
Parameters
f,= 60 ksi WSDOT BDM 5.1.2/AASHTO 5.5.3.2
f.= 4 ksi WSDOT BDM 5.1.1.B.2
Arch. Treatments = 2 in
h= 10.00 in
b= 12 in AASHTO 5.10.1
cover = 2 in
Rebar # = 8
Rebar Diameter = lin
Spacing = 10 in
n-: 8
O- 0.90 AASHTO 5.5.4.2
b, = 0.90 AASHTO 5.5.4.2
Check Moment Strength:
Mu = 28.16 k-ft Extreme Event
M(service) = 7.39 k-ft Service |
o= 0.90
# of rebar = 1.20
Rebar Area = 0.79 in’
As= 0.95 in’

d = h-cover-(Rebar Diameter/2)

d= 7.50 in
Bi= 0.35 AASHTO 5.6.2.2
a = (As*fy)/(0.85*fc*b)
a= 1.291n
c=a/p; AASHTO Eqn. 5.6.3.1.2-4
c= 1.64 in
OMn = Q*As*fy*(d-a/2) AASHTO 5.6.3.2
OMn = 29.02 k-ft

®Mn>Mu? VES

Check Min. Reinforcement: (LRFD 5.6.3.3)
fr = 0.37*SQRT(fc)

fr= 0.74 ksi
Sx = b*h’/6
Sx = 200 i’
1.6 * Mcr = 1.6*fr*Sx
1.6* Mcr = 20 kips-ft
1.33*Mu= 37 kips-i

®Mn > MIN(1.6*Mcr,1.33*Mu ? YES
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JOB NO. PS19203160 SHEET 20of4
JOB NAME I-405 - Renton to Bellevue
wo o Supervisor WPM TASK CIP Noise Wall 6
e BY BID DATE 6/18/2021
CHK'D. BY MGH DATE 6/18/2021
Check Crack Control: (LRFD 5.6.7)
p = As/(b*d)
p= 0.01053
*n = 0.08427
k= SQRT(pn2+ 2*pn)-pn
k= 0.33482
i=1-(k/3)
j= 0.888
fs = M(service)/(As*j*d)
fs = 14.05 ksi
0.6*fy = 36 ksi
fs <= 0.6*fy OKAY

Check if tension in cross-section exceeds 80% of modulus of rupture
fr = 0.24*SQRT(f'c)

fr= 0.48 ksi
0.8*fr = 0.38 ksi
fT = M(service)/S;
fT = 0.44 ksi
fT > 0.8*fr EXCEEDS

d. = cover + Rebar Diameter/2

d.= 25in
Bs = 1+d./(0.7*(h-d.)) LRFD 5.6.7.2
Bs = 1.48
Y, = 0.75 for class 2 exposure condition
s <= (700*Ye / (Bs*fs))-2*d,
s <= 20.32 in
Provided Spacing = 10 in DKAY

Shrinkage and Temperature Reinforcement (LRFD 5.10.6)
A, >= 1.3*b*h/(2*(b+h)*f,)

ASpin = 0.11in’
Sinax = 15 in
Try Bar # = 4
Apar = 0.20 in’
Spacing = 15 in OKAY
As = 0.16 in’/ft OKAY
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JOB NO. PS19203160 SHEET 30f4
JOB NAME I-405 - Renton to Bellevue
wo Od Supervisor WPM TASK CIP Noise Wall 6
e BY BID DATE 6/18/2021
CHK'D. BY MGH DATE 6/18/2021
Wall Shear Design (LRFD 5.7)
b, = 0.90
Vu = 2.09 kips
Shear Bar = 4
Area per Bar 0.20 in®
Legs per Bar = 2
Av = Area per Bar * Legs per Bar
Av = 0.4 in’

Smax= Min (a/2, 24in)
S 3.75 in

Vc= 2*SQRT(f'c)*h*d

Vc= 11.38 kips
Req'd Vn= Vu/d,
Req'd Vn= 2.33 kips
Vc>Req'dVn? Shear Steel Not Required

$Vn = $(Vc+Vs) >=Vu
¢Vn= 10 OKAY

Development Length of Hooked Rebar in Stem and Grade Beam (LRFD 5.10.8.2.1a):
lgp = 2.4*dy*f,/SQRT(f".)

lgp = 72 in
A= 1.0 for normal weight concretc
A= 1
A, = reinforcement location factor, 1.3 if more than 12" concrete below reinf.
A= 1
A= coating factor
A= 1
dy = 1

¢, = MIN(cover,bar spacing/2)
Cb = 2

ki, = cross-sect area of transv reinf.

Ker = 0
A, = reinforcement confinement factor, d,/(c,+k)
A= 0.5
AS equres= (MU/G)/(f,*(d-a/2))
ASrequired = 0.92 in’
Aer= 1.0 for seismic-force-resisting systems
Aer = 1.00
Iy = lgp ¥APPFAGFNF ) /A
ly= 36.00 in
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JOB NO. PS19203160 SHEET 4 of 4

JOB NAME I-405 - Renton to Bellevue
W(‘o Supervisor WPM TASK CIP Noise Wall 6
(]

BY BJD DATE 6/18/2021

CHK'D. BY MGH DATE 6/18/2021

Vertical Flexural Rebar to be Lapped with Hooked Rebar Design (AISC 14th Ed. Table 3-23-19):

Max = My
M,y = 28.16 kip-ft
L = Height of Noise Wall
L= 18.00 ft
W= 2*¥M,,,, /L
W= 0.17 kip/ft

Height of Noise Wall -Development Length of Hooked Rebar

= 15.00 ft
M = Wh/2
M, . = 19.55 kip-ft
@-= 0.90
Try Rebar Size 7
Try Spacing 10.00 in
# of rebar = 1.20
Rebar Area = 0.60 in’
As= 0.72 in?

d = h-cover-(Rebar Diameter/2)

d= 7.50 in
B, = 0.85

a = (As*fy)/(0.85*fc*b)
a= 1.06 in
c=a/B;

c= 1.25 in

OMn = O*As*fy*(d-a/2)
OMn = 22.58 k-ft
®Mn > Mu ? YES
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JOB NO. PS$19203160 SHEET lof3
JOB NAME I-405 - Renton to Bellevue
W‘)Od Supervisor WPM TASK CIP Noise Wall 6
o BY BJD DATE 6/18/2021
CHK'D. BY MGH DATE 6/18/2021
Footing Strength Design
Parameters
fy = 60 ksi WSDOT BDM 5.1.2/AASHTO 5.5.3.2
fo= 4 ksi WSDOT BDM 5.1.1.B.2/BDM 7.1.5
h= 12 in
b= 12 in
cover = 3in AASHTO 5.10.1
Rebar # = 8
Rebar Diameter = 1in
Spacing = 10 in
n= 8
O- 0.90 AASHTO 5.5.4.2
b, = 0.90 AASHTO 5.5.4.2
Check Moment Strength:
Oextr = 2.59 ksf Max bearing pressure applied
Oserv = 1.24 ksf Service Load bearing pressure
L= 4.25 ft Heel of Footing Length
Mu = g*L%/2
Mu = 23.38 k-ft Extreme Event
M(service) = 11.23 k-ft Service |
o= 0.90
# of rebar = 1.20
Rebar Area = 0.79 in*/ per bar
As= 0.95 in

d = h-cover-(Rebar Diameter/2)

d= 8.50 in
B,= 0.85

a = (As*fy)/(0.85*fc*b)
a= 1.39 in
c= a/Bl

c= 1.64 in

ONMn = O*As*fy*(d-a/2)
ONn = 33.29 k-ft
®Mn > Mu ? YES

Check Min. Reinforcement: (LRFD 5.6.3.3)
fr= 0.37*SQRT(fc)

fr= 0.74 ksi

Sx = b*h’/6

Sx= 288 in’
1.6 * Mcr = 1.6™r*Sx
1.6 * Mcr = 28.42 kips-ft
1.33*Mu = 31 kips-ft

®Mn > MIN(1.6*Mcr,1.33*Mu) ? YES

AASHTO 5.6.2.2

AASHTO Eqgn. 5.6.3.1.2-4

AASHTO 5.6.3.2
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SHEET

20f3

JOB NAME I-405 - Renton to Bellevue
WO‘ . Supervisor WPM TASK CIP Noise Wall 6
®

BY BJD DATE 6/18/2021
CHK'D. BY MGH DATE 6/18/2021
Check Crack Control: (LRFD 5.6.7)
p = As/(b*d)
p= 0.00929
p*n= 0.07435
k = SQRT{; n’+ 2*pn)-pn
k= 0.31837
i=1-(k/3)
i= 0.89:
fs = M(service)/(As*j*d)
fs= 18.71 ksi
0.6*fy = 36 ksi
fs <= 0.6*fy OKAY

Check if tension in cross-section exceeds 80% of modulus of rupture
fr = 0.24*SQRT(f'c)

fr= 0.48 ksi
0.8*fr= 0.38 ksi
fT = M(service)/Sx
fT= 0.47 ksi
fT > 0.8*fr EXCEEDS

d.= cover + Rebar Diameter/2

d.= 35in
Bs = 1+d./(0.7*%(h-d.) LRFD 5.6.7.2
Bs = 1.59
Ye = 0.75 for class 2 exposure condition
s <= (700*Ye / (Bs*fs))-2*d.
s<= 10.67 in
Provided Spacing = 10 in OKAY

Shrinkage and Temperature Reinforcement (LRFD 5.10.6)
A;>= 1.3*b*h/(2*(b+h)*f,)

Ay = 0.11 in°
Sax = 18 in
Try Bar# = 4
Apsr = 0.20 in’
Spacing = 18 in OKAY
As = 0.13 in*/ft OKAY

109



JOB NO. PS19203160 SHEET 30f3
JOB NAME I-405 - Renton to Bellevue
wc 0 Supervisor WPM TASK CIP Noise Wall 6
d BY BJD DATE 6/18/2021
CHK'D. BY MGH DATE 6/18/2021
Footing Shear Design (LRFD 5.7)
b, = 0.90
Footing Width = 9.50 ft
Stem Width = 1.00 ft
Critical Section = Ls = (Footing Width -Stem Width)/2-d
Ls 3.54 ft
Vu = g*Ls
Vu = 9.17 kips
Shear Bar = 5
Area per Bar = 0.79 in®
Legs per Bar = 2
Av = Area per Bar * Legs per Bar
Av= 1.58 in’

Smax= Min (d/2, 24in)
Sinax= 4.25 in

Vc= 0.0316*B*A*V(f')*b*d, LRFD5.7.3.3-3

A= 1 LRFD 5.4.2.8
B= 2 LRFD 5.7.3.4
d, = MAX(0.9*d,0.72*h)
d, = 8.64 in
Vc= 13.11 kips
Req'd Vn= Vu/d,
Req'd Vn= 10 kips
Vc>Req'dVn? Shear Steel Not Required

éVn = ¢(Vc+Vs) >=Vu
$Vn = 12 OKAY
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JOB NO. PS19203160 SHEET lof5
! JOB NAME I-405 - Renton to Bellevue Design-Build
w oo A Supervisor WPM TASK CIP Noise Wall 6
BY MGH DATE 12/21/2021
CHK'D. BY BJD DATE 12/22/2021

Preliminary Analysis for:
Cast-In-Place Concrete Noise Wall on Footing
Maximum Total Wall Height = 18' with Maximum Embedment

DESIGN CRITERIA:

- WSDOT Bridge Desigin Manual, July 2019

- AASHTO LRFD 8th Edition

- Geotechnical Engineering Report: Soldier Pile Wall 10.35L and Noise Wall 6

DESIGN ASSUMPTIONS:

- Exposed Wall Height is maximum 14.4' front face and 11.4' back face.

- Noise Wall is supporting 4' of fill

- Seismic design is based on WSDOT BDM 8.2.2 and AASHTO LRFD 4.7.4.3.3.

- Noise Wall Dimensions are based o WSDOT Bridge Manual for Non-Standard Walls, page 8-23.

- Wind load is considered.
- Seismic soil forces are considered.
- Seismic internal wall forces are considerad.

- Moment is positive with right hand rule at bottom center of footing. Right of center is positive, Left

of center is negative.
- Wall section applies rom STA 5+42.01 to STA 5+54.01

Try:
Footing Width = 9.50 ft
Footing Thickness = 1.00 ft
Wall Height = 18.0 ft
Exposed Wall Height = 14.4 ft
Wall Thickness = 1.000 ft - Includes form liner on each face
Footing Toe Width = 4.250 ft
Footing Heel Width = 4.250 ft

DEAD LOAD (DC):

Loads based on linear foot of wall

Moment
Shape Arm @ CL
Iltem Density Length | Thickness | Factor Area Weight | of Footing [ Moment
kcf ft ft ft* KIf ft k*ft
Noise Wall 0.150 18 1.00 1 18.00 2.70 0.00 0.00
Footing 0.150 9.5 1.00 1 9.50 1.43 0.00 0.00
Totals = 413 0.00
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JOB NO. PS19203160 SHEET 20of 5
JOB NAME I-405 - Renton to Bellevue Design-Build
WOO Supervisor WPM TASK CIP Noise Wall 6
¢ BY MGH DATE 12/21/2021
CHK'D. BY BJD DATE 12/22/2021
VERTICAL SOIL LOAD (EV):
Loads based on linear foot of wall
l Moment
Shape Arm @ CL
Iltem Density Width Height Factor Area Weight | of Footing [ Moment
kcf ft ft ft? kIf ft k*ft
Toe 0.130 1.25 4.60 1 19.55 2.54 -2.63 -6.67
Heel 0.130 425 7.60 1 32.30 4.20 2.63 11.02
Totals = 6.74 4.35

HORIZONTAL SOIL LOAD (EH):

- Not required when seismic soil is being included. (AASHTO C11.6.5.1)

EH = (1/2)*Ka*Y*H> $=
EH = 0.14 klf Ka =
Moment Arm @ B/Footing = 1.00 ft Y=
Moment = 0.1 k*ft H=
WIND LOAD (WS):
P, = 2.56X10"°*V**K, *G*C,,
V= 110 mph
Vstrv= 80 mph
Vsery 1= 70 mph
Kz str= 0.71
Kz_serv= 1.0
G= 0.85
Cp= 1.2
Z= 10.40 = Exposed Noise Wall Height at the Back Face
Pz stru= 0.022 ksf
Pz strv= 0.012 ksf
P2 servi= 0.013 ksf
Py = P,*Z
Moment Arm @ B/Footing = 14.3 ft
Linear feet of Wall
Pw Moment
kIf k*ft
STRIII 0.23 3.3
STRV 0.12 1.8
SERV | 0.13 19

- Py is a line load applied at 0.55*Z from the top of roadway.

- Moment Arm is from the top of the retaining wall.
=0.55*(Noise Wall Height + Traffic Barrier Height) + Slab Thickness

38
0.24
0.13
3.00

degrees

kcf
ft

(AASHTO 3.8.1.2.4)

(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table €3.8.1.2.1-1)
(AASHTO 3.8.1.2.1)
(AASHTO Table 3.8.1.2.1-1)
(AASHTO Table 3.8.1.2.1-2)

(AASHTO 3.8.1.2.4)

(AASHTO 3.8.1.2.4)
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JOB NO. PS19203160 SHEET 30f5

I-405 - Renton to Bellevue Design-Build

JOB NAME
WOQ A Supervisor WPM TASK CIP Noise Wall 6

BY MGH DATE 12/21/2021

CHK'D. BY BJD DATE 12/22/2021

SEISMIC ACTIVE EARTH PRESSURES (EQ.,;):

Pseis = Pae LRFD 11.6.5.1
Pois=  0.428  kIf P..is is applied 1/3 height of soil.
Pag = 0.428 f LRFD 11.6.5.3-2

Pae = 0.5%Y*K,:*h?

- Monobe-Okabe Analysis LRFD A11.3.1

Figore Al11.3 1-1—Mononobe-Okabe Me! bod Force Diagrams

K- cos” (0= 810 =F) 1 fsmI:¢I+ﬁ|l:m{¢—BME:,—i! A1121D)
" cosBycos Beos{8+ B+ B0 1Jcns|\ﬁ+ﬁ+ﬁﬂ,o}cus|:_j—[ﬁ_l
where:
Eue=  seismic active earth pressure coefficien: (dim)
¥ = unitweight of seal (kef)
H = height of wall (ff)
h = height of wall at back of wall heel considermg height of slopmg surcharge, if present (ft)
§ = frcton angle of soul (degrees)
Buo = aretan [k/(1 - k)] (degrees)
&6 = wall backfill mterface friction angle (degree:
k. = honzontal seismic acceleration coefficient (dum )
k. = werfical selsmuc acceleration coefficient (dmm.)
i = backfill slope angle (degrees)
B = slope of wall to the vertical, negative as shown (legrees)
Kng = 0.732 ~
Y= 0.42 Y= N /sin(¢+5)sin(¢—9Mo—i)
Yo = 0130  kef \ cos(8+B+ 6,5 cos (i)
H= 3.0 ft Height of soil and footing
b= 38.00 degrees
0= 26.4 degrees
6=2/3*p= 25.3 degrees
ki, = 1.0%k},o = 0.497 Note: 0.5*kh0=0.249, by using 1.0*kho this increased the Extreme Event Moment by 1% and the
A Lateral load by 10%. This small increase does not affect the outcome of the calc.
k A 0.497
ho = Ms — .
k, = 0.0
i= 0.0 degrees
B= 0.0 degrees
Moment Arm @ B/Footing = 1.00 ft
Moment = 0.4 k*ft
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JOB NO.
JOB NAME
Supervisor

BY
CHK'D. BY

wood.

PS19203160 SHEET 4 0of 5

I-405 - Renton to Bellevue Design-Build

WPM TASK CIP Noise Wall 6
MGH DATE 12/21/2021
BJD DATE 12/22/2021

SEISMIC FORCES ON WALL (EQ,):

(See Attached Calc)

Shear at base of wall = 1.8 k
Moment on wall = 22.6 k*ft
LOAD SUMMARY
Force
Load Vertical Lateral Moment
P, (kips) Py (kips) (kips)
DC 4.1 0.0
EV 6.7 4.4
EH 03 05 |
WSsra i 0.23 33 |
WSermy 0.12 18 |
WSeery | 0.13 19
EQq, 0.4 0.4
EQan 1.8 22.6
Calculate Bearing Pressure
Load Combinations (AASHTO Table 3.4.1-1)
o - Force Moment

Load Combination Vertical Lateral e B' o,

P, (kips) | Py (kips) (kips) ft ft ksf
STRENGTH IlI: 1.25DC+1.5EH+1.0(EV+WS) 11.9 0.7 2.4 0.7 8.1 1.47
STRENGTH V: 1.25DC+1.5EH+1.0(EV+WS) 11.9 0.6 6.2 0.6 8.4 1.42
EXT EVENT I: 1.0(DC+EV+EQ,;+EQy0) 10.9 2.2 27.4 2.5 45 2.43
SERVICE I: 1.0(DC+EV+EH+WS) 10.9 0.5 6.7 0.6 8.3 1.32
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JOB NO. PS19203160 SHEET 50f5
JOB NAME I-405 - Renton to Bellevue Design-Build
WOO A Supervisor WPM TASK CIP Noise Wall 6
BY MGH DATE 12/21/2021
CHK'D. BY BID DATE 12/22/2021
Eccentricity = e =M/P,
B= ).50 ft B'=B-2e

The vertical stress shall be calculated as follows:

zr
G, =
B-2e

Check Eccentricity Limits

(11.63.2-1)

(AASHTO 11.6.3.3)

- The location of the resultant is limited to the middle two-thirds of the width of the foundation.

emax = B/3 3.17 ft
| Force
Load Combination [ Vertical Lateral Moment e Middle
>, (kips) | Py (kips) (kips) ft Two-Thirds
STRENGTH IlI: 0.9DC+1.5EH+1.00(EV+WS) 10.5 0.7 8.4 0.7 Yes OK
STRENGTH V: 0.9DC+1.5EH+1.00(EV+WS) 10.5 0.6 6.8 0.6 Yes OK
EXT EVENT I: 1.0(DC+EV+EQ,,+EQ, ;) 10.9 2.2 27.4 2.5 Yes |OK
SERVICE I: 1.0(DC+EV+EH+WS) 10.9 0.5 6.7 0.6 Yes OK
Check Sliding (AASHTO 10.6.3.4 and AASHTO 11.5.6)
Force
Load Combination Vertical Lateral ¢rRTt  |IsRt>Vx?
P, (kips) [ Py (kips) kips
STRENGTH 11I: 0.90DC+1.5EH+1.00(EV+WS) 10.5 0.7 6.5 Yes oK
STRENGTH V: 0.9DC+1.5EH+1.00(EV+WS) 10.5 0.6 6.5 Yes OK
EXT EVENT I: 1.0(DC+EV+EQ,,,+EQ,.;) 10.9 2.2 6.8 Yes |OK
SERVICE I: 1.0(DC+EV+EH+WS) 10.9 0.5 | 6.8 Yes OK

Sliding Resistance = ¢rRt = d1CP, tan dy

¢r =
C:
o =

Coeffient of Friction = tan ¢ =

(AASHTO 10.6.3.4-2)

0.8 (AASHTO Table 10.5.5.2.2-1)
1.0

38 degrees

0.78 (AASHTO C3.11.5.3)
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JOB NO. PS19203160 SHEET 1 of 10
JOB NAME I-405 - Renton to Bellevue Design-Build
wo : ’ Supervisor WPM Task  CIP Noise Wall 6
e BY MGH DATE 6/18/2021
CHK'D. BY BJD DATE 6/18/2021
SOUND BARRIER DESIGN FORCE
NOISE BARRIER CIP WALL TYPE GEOMETRY
Wall Length L= 1 ft
Wall/Wall Height H= 18 ft
Wall Thickness T= 12 in
MATERIALS
Wall Concrete f'= 4 ksi
Y= 0.15 kcf
E.= 4266 ksi
Reinforcing Steel fy = 60 ksi
Es = 29000 ksi
DEAD LOAD
Weight of Wall
Vertical Dead Load D= 2.70 kips

SEISMIC FORCE
Seismic design shall be in accordance with AASHTO LRFD Article 3.10.2.1-General Procedure, considering site class D:
a. Modal analysis shall be performed for the first 4 periods. Eiastic seismic response coefficient Csm shall be computed for
each modal period in accordance with LRFD Article 3.10.4.2 and all 4 Csm coefficients shall be combined through the SRSS
method.
b. The resultant seismic force shall be considered to act at a height of 0.71H above the top of the shaft,

where H is the total height measured from the top of the Wall to the top of the shaft. 'y

Structural Modeling
Modeling the column as a cantilever beam
The mass of column and ajacent Walls is uniformly distributed along the column

; -
Uniform Weight w= 0.15 kips/ft
Uniform Mass m = 0.0004
Column I= 1728 in*
Modulus E= 4266 ksi v

Gravity g= 386 in/sec’ j



JOB NO. PS19203160 SHEET 2 of 10
JOB NAME I-405 - Renton to Bellevue Design-Build
WC\O Supervisor WPM Task  CIP Noise Wall 6
e BY MGH DATE 6/18/2021
CHK'D. BY BID DATE 6/18/2021
Modal Analysis
Uss Py Us, P3 Uy, Py Uy, Py
1/4mL l 1/4mL 1/4mL El, m 1/8mL
L\
1/4L R 1/4L < 1/4L e 1/4L
le

]

Flexibility Matrix
p1=

Uy
Uz
Us

Uy

ug
Uz
Us

Uy

Uy
Uz
Us

Uy

0.00
0.25
0.50
0.75

).25
0.75

0.00
0.25
0.50
0.75

0.25
0.5
0.75

0.5
0.5

u

0.33333333
0.21093750
0.10416667
0.02864583

u

0.2109375
0.1406250
0.0729167
0.0208333

u

0.104166667
0.072916667
0.041666667
0.013020833
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JOB NO. PS19203160 SHEET 3 of 10
JOB NAME I-405 - Renton to Bellevue Design-Build
WO\ ' Supervisor WPM Task  CIP Noise Wall 6
e BY MGH DATE 6/18/2021
CHK'D. BY BID DATE 6/18/2021
Pg= 1
a= 0.75
b= 0.25
X u
ug 0.00 0.028645833
u, 0.25 0.020833333
us 0.50 0.013020833
Uy 0.75 0.005208333
Flexibility Matrix
p;=1 p,=1 ps=1 Pa=1
u; = L3/EI* 3333 0.2109 0.1042 0.0286
u, = L3/EI* 0.2109 0.1406 0.0729 0.0208
uy = L/EI* 0.104 0.0729 0.0417 0.0130
Uy = L3/EI* 0.0286 0.0208 0.0130 0.0052
Stiffness Matrix K
EI/L3 102.928 -233.567 166.268 -47.505
EI/L3 -233.567 633.402 -613.608 285.031
EI/L3 166.268 613.608 918.433 -756.124
EI/L3 -47.505 285.031 -756.124 1203.464
K= 75.294 -170.¢59 121.628 -34.751
-170.859 463.34¢ -448.867 208.506
121.628 -448.867 671.852 -553.119
-34.751 208.506 -553.119 880.358
Mass Matrix M
1/8mL 0 0 0
0 1/4mL 0 0
0 0 1/4mL 0
0 0 0 1/4mL
M= 0.000874352 0 0 0
0 0.001748705 ) 0
0 0 0.001748705 0
0 0 0 0.001748705
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JOB NO. PS19203160

SHEET 4 of 10

\ JOB NAME I-405 - Renton to Bellevue Design-Build
wooo Supervisor WPM Task  CIP Noise Wall 6
b BY MGH DATE 6/18/2021
CHK'D. BY BJD DATE 6/18/2021
First Mode
w, [ wnZ*M
1221.810 74.225 -170.859 121.628 -34.751
-170.859 461.210 -448.867 208.506
21.628 -448.867 669.715 -553.119
-34.751 208.506 -553.119 878.221
Det(K—wnZ*M)=0 0.000035 goal seek (Set cell: Det(K—wnz*M), To value: 0, By changing cell: wlz)
;= 34.95 |rad/sec Ty = |0-180 |sec
Second Mode
w,> K-wnZ*M
42210.90 38.38654052 -170.859 121.628 -34.751
-170.859 389.532 -448.867 208.506
121.628 -448.867 598.037 -553.119
-34.751 08.506 -553.119 806.543
Det(K—wnZ*M)=0 0.000005 goal seek (Set cell: Det(K—wnz*M), To value: 0, By changing cell: wlz)
o,= 205.453 |rad/sec T,= l0.031 Jsec
Third Mode
e K-wnZ*M
296006.48 -183.520 -170.859 121.628 -34.751
-170.859 -54.282 -448.867 208.506
121.628 -448.867 154.224 -553.119
-34.751 208.506 -553.119 362.730
Det(K—wnZ*M)=0 -0.000006 goal seek (Set cell: Det(K- 'nZ*M), To value: 0, By changing cell: wlz)
03= 544.065 |rad/sec T3= |0-012 |sec
Fourth Mode
e K-wnZ*M
899273.73 -710.988 -170.859 121.628 -34.751
-170.859 -1109.218 -448.86 208.506
121.628 -448.867 -900.712 -553.119
-34.751 208.506 -553.119 -692.207
Det(K—wnZ*M)=0 0.000172484 goal seek (Set cell: Det(K—wnz*M), To value: 0, By changing cell: wlz)
W= 948.300 |rad/sec Ty= |L_007 |sec
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JOB NO. PS19203160 SHEET 5 0of 10
JOB NAME I-405 - Renton to Bellevue Design-Build
wc o Supervisor WPM Task  CIP Noise Wall 6
e BY MGH DATE 6/18/2021
CHK'D. BY BJID DATE 6/18/2021
Summary
Mod  (rad/sec) T (sec)
1 34.954 0.180
2 205.453 0.031
3 544.065 0.012
4 948.300 0.007
NATURAL PERIODS By Equatiol
K, [EIg
f‘n. 27r V wl4
T, =1/f, w, =21n/T,
First Mode Ky = 3.52
Second Mode Ki= 22.03
Third Mode Ky = 61.7
Fourth Mode Kq = 1209
g= 386
Mode Natural Frequency Natural period Natural Frequency
f, (Hz) T, (second) ®, (Rad/Sec)
1 5.723 0.175 35.956
2 35.856 0.028 225.289
3 100.422 0.010 630.972
4 196.776 0.005 1236.378
First Mode
K—WIZM 74.225 -170.859 121.628 -34.751
-170.859 161.210 -448.867 208.506
121.628 -448.867 669.715 -553.119
-34.751 203.506 -553.119 878.221
0.0102124 0.0100915 0.0039312 -171
0.0100915 0.0130¢38 0.0058445 122
0.0039312 0.0058445 0.0038863 -35
Mode Shape Plot
o = 1 0 1.000
0.654 0.250 0.654
0.336 0.500 0.336
0.096 0.750 0.096
1.000 0.000

1.500

First Mode Shape

1.000
0.500 \
0.000 —
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JOB NO. PS19203160 SHEET 6 of 10
JOB NAME I-405 - Renton to Bellevue Design-Build
WOO Supervisor WPM Task  CIP Noise Wall 6
e BY MGH DATE 6/18/2021
CHK'D. BY BJID DATE 6/18/2021
Secod Mode
K-w,”M 38.387 -170.859 121.628 -34.751
-170.859 389.532 -448.867 208.506
121.628 -448.867 598.037 -553.119
-34.751 208.506 -553.119 806.543
-0.0108526 -0.0151776 -0.0076031 -170.859
-0.0151776 -0.0166540 -0.0074975 121.628
-0.0076031 -0.0074975 -0.0019363 -34.751
Mode Shape Plot
by = | 1 0 1.000
-0.272 0.250 -0.272
| -0.828 0.500 -0.828
-0.454 0.750 -0.454
1.000 0.000
Second Mode Shape
2.000
0.000
0 0 1 1 1
-2.000
Third Mode
K-w3’M -183.520 -170.859 121.628 -34.751
-170.859 -54.282 -448.867 208.506
121.628 -448.867 154.224 -553.119
-34.751 208.506 -553.119 362.730
-0.0066994 0.0012726 0.0057915 -170.859
0.0012726 -0.0016927 -0.0033126 121.628
0.0057915 -0.0033126 -0.0056236 -34.751
Mode Shape Plot
by = 1 0 1.000
-1.098 0.250 -1.098
0.308 0.500 0.308
1.197 0.75( 1.197
1.000 0
Third Mode Shape
2.000
0.000 ~~—e
0 0 1 1 1 1
-2.000
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JjoBnO.  PS19203160 SHEET 7 of 10
JOB NAME I-405 - Renton to Bellevue Design-Build
woo Supervisor WPM Task  CIP Noise Wall 6
e BY MGH DATE 6/18/2021
CHK'D. BY BID DATE 6/18/2021
Fourth Mode
K-W42|V| -710.988 -170.859 121.628 -34.751
-170.859 -1109.218 -448.867 208.506
121.628 -448.867 -900.712 -553.119
-34.751 208.506 -553.119 -692.207
-0.0045324 0.0060811 -0.0062244 -170.859
0.0060811 -0.0103388 0.0100931 121.628
-0.0062244 0.0100931 -0.0113846 -34.751
Mode Shape Plot
b= 1 0 1.000
-1.730 0.250 -1.730
2.647 0.500 2.647
-2.687 0.750 -2.687
1.000 0.000
Fourth Mode Shape
10.000

Mode Shape Matrix

Transpose Mode Shape Matrix

0.000 —nu o /’\._/4
0 0 0 1 1 1

-10.000
1.000 1.000 1.000 1.000
0.654 -0.272 -1.098 -1.730
0.336 -0.828 0.308 2.647
0.096 -0.454 1.197 -2.687
1.000 0.654 0.336 0.096
1.000 -0.272 0.828 -0.454
1.000 -1.098 0.308 1.197
1.000 -1.730 2.647 -2.687

122



JOB NO. PS19203160 SHEET 8 of 10
JOB NAME I-405 - Renton to Bellevue Design-Build
W\)o Supervisor WPM TAask  CIP Noise Wall 6
e BY MGH DATE 6/18/2021
CHK'D. BY BJID DATE 6/18/2021
Generalized Mass 0.0009 0.0011 0.0006 0.0002
0.0009 -0.0005 -0.0014 -0.0008
0.0009 -0.0019 0.0005 0.0021
0.0009 -0.0030 0.0046 -0.0047
M, = 0.002 0.000 0.000 0.000
0.000 0.003 0.000 0.000
0.000 0.000 0.006 0.000
0.000 0.000 0.000 0.031
Generalized Stiffness 1.068 1.397 0.718 0.205
36.907 -20.111 -61.131 -33.544
258.814 -568.446 159.528 619.609
786.282 -2721.057 4162.953 -4225.060
K, = 2.243 0.000 0.000 0.000
0.000 108.257 0.000 0.000
0.000 0.000 1673.913 0.000
0.000 0.000 0.000 27866.551
Verify Natural Frequency
Mode 0} Eigen Value Equation
1 34.954 34.954 35.956
2 205.453 205.453 225.289
3 544.065 544.065 630.972
4 948.30! 948.300 1236.378
Generalized Force P, 0.0008743%2 0.001143793 0.000587483 0.000167646
0.000874352 -0.00047644 -0.001448233 -0.000794671
0.000874352 -0.001920383 0.000538935 0.002093227
0.000874352 -0.003025839 0.004629239 -0.004698302
Directional Vector 1 0.002773274
1 -0.001844992
1 0.001586131
1 -0.00222055
P, 1.5106
-0.7194
0.2805
-0.0717
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Supervisor
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CHK'D. BY

9 of 10

CIP Noise Wall 6

6/18/2021

PS19203160 SHEET
I-405 - Renton to Bellevue Design-Build

WPM TASK

MGH DATE

BJD DATE

6/18/2021

SEISMIC DESIGI PARAMETERS
Peak Ground Acceleration

Spectral Acceleration at 0.2 Second
Spectral Acceleration at 1 Second
Site Class

Site Factors:

Response Spectrum

ELASTIC SEISMIC RESPONSE COEFFICIENT C,,

AASHTO LRFD Article 3.10.4.2

- For periods less than or equal T,

For mode m, the elastic seismic response coefficient = C,, = As + (Sps — As) (T / Tp)
- For periods greater than Ty and less than or equal T : Cg,, = Sps
- For periods greater than T : Csn=Sp1 / Ty

PGA =

0.422
0.959
0.278

1.178
1.116
2.044
1.070
0.568
0.531
0.106
0.497

Mode  (rad/sec) T (sec) Com Coisp
1 34.954 0.180 1.070 0.51075
2 205.453 0.031 0.662 -0.00436
3 544.065 0.012 0.559 0.00020
4 948.300 0.007 0.533 -0.00002
MODAL SPECTRUM ANALYSIS
Modal Displacements
Mode 1 Mode 2
o= ul $ = u2
1.000 0.51075 1.000 -0.00436
0.654 0.33407 -0.272 0.00119
0.336 0.17159 -0.828 0.00361
0.096 0.04896 -0.454 0.00198
Mode 3 Mode 4
3 = u3 4 = 14
1.000 0.00020 1.000 -0.000016
-1.098 -0.00022 -1.730 0.000028
0.308 0.00006 2.647 -0.00004:
1.197 0.00024 -2.687 0.000044
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JjoBnO.  PS19203160 sHEET 10 of 10
JOB NAME I-405 - Renton to Bellevue Design-Build
woad Supervisor WPM Task  CIP Noise Wall 6
e BY MGH DATE 6/18/2021
CHK'D. BY BJD DATE 6/18/2021
Total Displacements
U= 0.51 in
Uy = 0.33 in
Us= 0.17 in
Uy = 0.05 in
Modal Base Shear
Mode 1 Mode 2 Mode 3 Mode 4
V, 0.546 -0.161 0.053 -0.013
V, 0.714 0.088 -0.116 0.045
V3 0.367 0.266 0.033 -0.068
V, 0.105 0.146 0.127 0.069
Total 1.73 0.339 0.096 0.033
Base Shear
SRSS 1.77 kips
Base Moment 22.58 kips-ft
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W‘)o Supervisor WPM TASK CIP Noise Wall 6
* BY BID DATE 6/18/2021
CHK'D. BY RUK DATE 6/18/2021
Stem Strength Design
Parameter:
f,= 60 ksi WSDOT BDM 5.1.2/AASHTO 5.5.3.2
f.= 4 ksi WSDOT BDM 5.1.1.B.2
Arch. Treatments = 2 in
h= 10.00 in
b= 12 in AASHTO 5.10.1
cover = 2 in
Rebar # = 8
Rebar Diameter = 1in
Spacing = 10 in
n= 8
- 0.90 AASHTO 5.5.4.2
o, = 0.90 AASHTO 5.5.4.2
Check Moment Strength:
Mu = 27.16 k-ft Extreme Event
M(service) = 6.40 k-ft Service |
(OB 0.90
# of rebar = 1.20
Rebar Area = 0.79 in’
As= 0.95 in’

d = h-cover-(Rebar Diameter/2)

d: 7.50 in
Bi= 0.85

a = (As*fy)/(0.85*fc*b)
a= 1.39 in
c=2a/B;

c= 1.64 in

OMn = O*As*fy*(d-a/2)
OMn = 29.02 k-ft
®NMn>Mu? YES

Check Min. Reinforcement: (LRFD 5.6.3.3)
fr = 0.37*SQRT(fc)

fr= 0.74 ksi
Sx = b*h?/6
Sx = 200 in®
1.6 * Mcr = 1.6*fr*Sx
1.6* Mcr = 20 kips-ft
1.33*Mu= 6 kips-ft

®Mn > MIN(1.6*Mcr,1.33*Mu ? YES

AASHTO 5.6.2.2

AASHTO Eqgn. 5.6.3.1.2-4

AASHTO 5.6.3.2
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* BY BID DATE 6/18/2021
CHK'D. BY RUK DATE 6/18/2021
Check Crack Control: (LRFD 5.6.7)
= As/(b*d)
p= 0.01053
p*n = 0.08427
k = SQRT(pn”+ 2*pn)-pn
k = 0.33482
i=1-(k/3)
j= 0.888
fs = M(service)/(As*j*d)
fs = 12.15 ksi
0.6*fy = 36 ksi
fs <= 0.6*fy OKAY

Check if tension in cross-section exceeds 80% of modulus of rupture

fr = 0.24*SQRT(f'c)
fr = ).48 ksi
0.8*fr = 0.38 ksi
fT = M(service)/Sx
fT= 0.38 ksi
fT > 0.8*fr DOES NOT EXCEED

IGNORE THIS SECTION
d.= cover + Rebar Diameter/2

d.= 2.5 in
Bs = 1+d./(0.7%(h-d.)) LRFD 5.6.7.2
Bs = 1.48
Ye = 0.75 for class 2 exposure condition
s <= (700*Ye / (Bs*fs))-2*d,
s <= 24.27 in
Provided Spacing = 10 in OKAY

Shrinkage and Temperature Reinforcement (LRFD 5.10.¢
A, >= 1.3*b*h/(2*(b+h)*f,)

ASmin = 0.11 in®
S = 15 in
Try Bar # = 4
Apar = 0.20 in®
Spacing = 15 in OKAY
As= 0.16 in’/ft OKAY
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* BID DATE 6/18/2021

BY

CHK'D. BY RUK DATE 6/18/2021
Wall Shear Design (LRFD 5.7)
b= 0.90
Vu = 2.00 kips
Shear Bar = 4
Area per Bar = 0.20 in’
Legs per Bar = 2
Av = Area per Bar * Legs per Bar
Av : 0.4 in’
Smax= Min (d/2, 24in)
Sinax= 3.75in

Ve= 2*SQRT(f'c)*b*d

Vc= 11.38 kips
Req'd Vn= Vu/¢
Reqg'd Vn= 2.22 kips
Vc>Req'dVn? Shear Steel Not Required

éVn = $(Vc+Vs) >=Vu
dVn = 10 OKAY

Development Length of Hooked Rebar in Stem and Grade Beam (LRFD 5.10.8.2.1a):

lgp = 2.4%d,*f,/SQRT(F'.)

lgp = 2 in
A= 1.0 for normal weight concrete
A= !
A, = reinforcement location factor, 1.3 if more than 12" concrete below reinf.
A= 1
A= coating factor
A= 1
dy = 1

¢, = MIN(cover,bar spacing/2)
Cp = 2
ki = cross-sect area of transv reinf.

ke = 0
A= reinforcement confinement factor, d,/(cy+ky)
A= 0.5
AS cquirea= (MU/dp)/(f,*(d-a/2))
AS equired = 0.89 in’
Aer= 1.0 for seismic-force-resisting systems
Aer= 1.00
lg = lgp *(ArPFAFFNF A/
lg= 36.00 in
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wo “ Supervisor WPM TASK CIP Noise Wall 6
* BY BID DATE 6/18/2021
CHK'D. BY RUK DATE 6/18/2021

Vertical Flexural Rebar to be Lapped with Hooked Rebar Design (AISC 14th Ed. Table 3-23-19):

M,.. = M,

M,y = 27.16 kip-ft
L = Height of Noise Wall
L= 18.00 ft
W= 2" M/
w= 0.17 kip/ft

x = Height of Noise Wall -Development Length of Hooked Rebar

X = 15.00 ft
M atx = W*XZ/Z
M six = 18.26 kip-ft
(OB 0.9
Try Rebar Size 7
Try Spacing 10.00 in
# of rebar = 1.20
Rebar Area = 0.60 in’
As= 0.72 in’

d = h-cover-(Rebar Diameter/2)

d= 7.50 in
Bi= 0.85

a = (As*fy)/(0.85*fc*b)
a= 1.06 in
c=a/B;

c= 1.25 in

OMn = O*As*fy*(d-a/2)
OMn = 22.58 k-ft
®Mn > Mu ? YES
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Footing Strength Design
Parameters
f, = 60 ksi WSDOT BDM 5.1.2/AASHTO 5.5.3.2
f.= 4 ksi WSDOT BDM 5.1.1.B.2/BDM 7.1.5
h= 12 in
b= 12 in
cover = 3in AASHTO 5.10.1
Rebar # = 8
Rebar Diameter = lin
Spacing = 10 in
n= 8
(OB 0.90 AASHTO 5.5.4.2
b, = 0.90 AASHTO 5.5.4.2
Check Moment Strength:
Oextr = 2.41 ksf Max bearing pressure applied
Osery = 1.31 ksf Service Load bearing pressure
L= 4.25 ft Heel of Footing Length
Mu = g*L%/2
Mu = 21.80 k- Extreme Event
M(service) = 11.79 k-ft Service |
(OB 0.90
# of rebar = 1.20
Rebar Area = 0.79 in%/ per bar
As= 0.95 in®
d = h-cover-(Rebar Diameter/2
d= 8.50 in
Bi= 0.85 AASHTO 5.6.2.2
a = (As*fy)/(0.85*fc*b)
a= 1.39in
c=a/p, AASHTO Egn. 5.6.3.1.2-4
c= 1.64 in

®Mn = O*As*fy*(d-a/2)
OMn = 33.29 k-ft
®Mn > Mu ? YES

AASHTO 5.6.3.2
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CHK'D. BY RUK DATE 6/18/2021

Check Min. Reinforcement: (LRFD 5.6.3.3)
fr = 0.37*SQRT(fc)

fr= 0.74 ksi
Sx = b*h?/6
Sx = 288 in®
1.6 * Mcr = 1.6*fr*Sx
.6 * Mcr = 28.42 kips-ft
1.33*Mu = 29 kips-ft

®OMn > MIN(1.6*Mcr,1.33*Mu) ? YES

Check Crack Contro!l: (LRFD 5.6.7)

p = As/(b*d)
p= 0.00929
n*n = 0.07435
k= SQRT(pn2 +2*pn)-pn
k= 0.31837
j = 1-(k/3)
= 0.894
fs = M(service)/(As*j*d)
fs = 19.64 ksi
0.6*fy = 36 ksi
fs <= 0.6*fy OKAY

Check if tension in cross-section exceeds 80% of modulus of rupture
fr = 0.24*SQRT(f'c)

fr= 0.48 ksi
0.8*fr = 0.38 ksi
fT = M(service)/Sx
fT = 0.49 ksi
fT > 0.8*fr EXCEEDS

d. = cover + Rebar Diameter/2

d.= 3.5in
Bs = 1+d/(0.7*(h-d,)) LRFD 5.6.7.2
Bs = 1.59
Ye = .00 for class 1 exposure condition
s <= (700*Ye / (Bs*fs))-2*d,
s <= 1544 in
Provided Spa. = 10 in OKAY

Shrinkage and Temperature Reinforcement (LRFD 5.10.6)
A, >= 1.3*b*h/(2*(b+h)*f))

ASpmin = 0.11 in’
Smax = 18 in
Try Bar # = 4
Agar = 0.20 in’
Spacing = 18 in OKAY
As = 0.13 in’/ft OKAY
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BY BID DATE 6/18/2021
CHK'D. BY RUK DATE 6/18/2021
Footing Shear Design (LRFD 5.7)
o, 0.90
Footing Width = 9.50 ft
Stem Width = 1.00 ft
Critical Section = Ls = (Footing Width -Stem Width)/2-d
Ls = 3.54 ft
Vu = g*Ls
Vu = 8.55 kips
Shear Bar = 5
Area per Bar = 0.79 in®
Legs per Bar = 2
Av = Area per Bar * Legs ver Bar
Av = 1.58 in’
Smax= Min (d/2, 24in)
S 4.25 in
Vc= 0.0316*B*A*V(f')*b*d,  LRFD5.7.3.3-3
A= 1 LRFD 5.4.2.8
B= 2 LRFD 5.7.3.4
d, = MAX(0.9*d,0.72*h)
d, = 8.64 in
Vc= 13.11 kips
Req'd Vn= Vu/d,
Req'd Vn= 9 kips

Vc>Req'dVn?

¢éVn =
$Vn =

$(Vc+Vs) >= Vu
12 OKAY

Shear Steel Not Required
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1of5

CIP Noise Wall 6

JOB NAME I-405 - Renton to Bellevue Design-Build
wo 0 . Supervisor WPM TASK

BY RUK DATE

12/21/2021

CHK'D. BY MGH DATE

12/22/2021

Preliminary Analysis for:
Cast-In-Place Concrete Voise Wall on Footing
Maximum Total Wall Height = 11' with Minimum Embedment

DESIGN CRITERIA:

- WSDOT Bridge Design Manua!, July 2019

- AASHTO LRFD 8th Edition

- Geotechnical Engineering Report: Soldier Pile Wall 10.35L and Noise Wall 6

DESIGN ASSUMPTIONS:

- Exposed Wall Height is maximum 9.0 front face and 8.0' back face.

- Noise Wall is supporting 1' of fill.

- Seismic design is based on WSDOT BDM 3.2.2 and AASHTO LRFD 4.7.4.3.3.

- Noise Wall Dimensions are based on WSDOT Bridge Manual for Non-Standard Walls, page 8-23.

- Wind load is considered.
- Seismic soil forces are considered.
- Seismic internal wall forces are considered.

- Moment is positive with right hand rule at bottorm center of footing. Right of center is positive, Left

of center is negative.

Try:
Footing Width = 6.00 ft
Footing Thickness = 1.00 ft
Wall Height = 11.00 ft
Exposed Wall Height = 9.00 ft
Wall Thickness = 1.000 ft - Includes form liner on each face
Footing Toe Width = 2.500 ft
Footing Heel Width = 2.500 ft

DEAD LOAD (DC):

Loads based on linear foot of wall

Moment
Shape Arm @ CL
Iltem Density Length Thickness | Factor Area Weight | of Footing | Moment
kef ft ft ft? kif ft k*ft
Noise Wall 0.150 11 1.00 1 11.00 1.65 0.00 0.00
Footing 0.150 6.0 1.00 1 6.00 0.90 0.00 0.00
Totals= | 255 0.00
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JOB NO. PS19203160 SHEET
JOB NAME I-405 - Renton to Bellevue Design-Build
W\)o | suwerviser WPM TASK CIP Noise Wall 6
BY RUK DATE 12/21/2021
CHK'D. BY MGH DATE 12/22/2021
VERTICAL SOIL. LOAD (EV):
Loads based on linear foot of wall
Moment
Shape Arm @ CL
Iltem Density Width Height Factor Area Weight | of Footing | Moment
kef ft ft ft? kif ft k*ft
Toe 0.130 2.50 2.00 1 5.00 0.65 -1.75 -1.14
Heel 0.130 2.50 3.00 1 7.50 0.98 1.75 1.71
Totals = 1.63 0.57

HORIZONTAL SOIL LOAD (EH):

EH = (1/2)*Ka*Y*H?

- Not required when seismic soil is being included. (AASHTO C11.6.5.1)

d= 38 degrees
kIf Ka= 0.24
ft Y= 0.13 kef
k*ft H= 1.00 ft

(AASHTO 3.8.1.2.4)

(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table C3.8.1.2.1-1)
(AASHTO 3.8.1.2.1)
(AASHTO Table 3.8.1.2.1-1)
(AASHTO Table 3.8.1.2.1-2)

8.00 = Exposed Noise Wall Height at the Back Face

EH = 0.02
Moment Arm @ B/Footing = 0.33
Moment = 0.0
WIND LOAD (WS):
P, = 2.56X10°*V**K,*G*C,
Vstru= 110 mph
Vstrv= 80 mph
Vsery = 70 mph
Ky sra= 0.71
Kz_serv= 1.0
G= 0.85
Cp= 1.2
/=
P, stru= 0.022 ksf
P, stav= 0.012 ksf
P, serv = 0.013 ksf
Py = P,*Z

Moment Arm @ B/Footing =

8.4

Linear feet of Wall

Pw Moment
kif k*ft
STRIII 0.18 1.5
STRV 0.09 0.8
SERV | 0.10 0.9

- Py is aline load applied at 0.55*Z from the top of roadway.
- Moment Arm is from the top of the retaining wall

(AASHTO 3.8.1.2.4)
ft

(AASHTO 3.8.1.2.4)

=0.55*(Noise Wall Height + Traffic Barrier Height) + Slab Thickness
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JOB NAME I-405 - Renton to Bellevue Design-Build
WOO A Supervisor WPM TASK CIP Noise Wall 6
BY RUK DATE 12/21/2021
CHK'D. BY MGH DATE 12/22/2021
SEISMIC ACTIVE EARTH PRESSURES (EQ.;):
Poois = Pac LRFD 11.6.5.1
Peis=  0.048  kIf P.eis is applied 1/3 height of soil.
Pue= 0048 kI LRFD 11.6.5.3-2

Par = 0.5%Y*Kye h?

- Monobe-Okabe Analysis LRFD A11.3.1

Fizure 411 3 1-1—Mononobe-O kabe Method Force Diagrams

K- cos” (8= 80 —B) N ||sml:¢+§|'sm{¢—9ﬂ,f)—i! Al13.11)
- cosByeos Beos(B 4B+ 8y, 1|I€.‘Ds|‘5+ﬁ+aﬂ,p|ncust_j—ﬁdl
whers:
Ep= selsmic active earth pressure coefficient (dim)
¥ = unitweight of soal (kef)
H = height of wall (f)
h = height of wall at back of wall heel considering height of sloping surcharge, if present (ft)
@ = friction angle of so1l (degrees)
G = arc tan [A(1 — k)] (degrees)
& = wall backfill mterface friction an=le (degrees)
k= horizontal seismic acceleration coafficient (dim §
k., = werfical seismic acceleration coefiicient (dmm.)
i = Tbackfill slope angle (degrees)
B = slope of wall to the vertical negative as shown (degrees)
k=  0.732 .
= 042 w=l1s [sin(¢+38)sin (¢—0,/0 —7)
Y 0;[30 kef \jcos(5+[3+6“w)cos(i—[3)
soil = . c
H= 1.0 ft Height of soil and footing
b= 38.00 degrees
0= 26.4 degrees
§=2/3*b= 25.3 degrees
kp = 1.0%kpo = 0.497 Note: 0.5*kh0=0.249, by using 1.0*kho this increased the Extreme Event Moment by 0% and the

ko= A= 0.497

Lateral load by 2%. This small increase does not affect the outcome of the calc.

k, = 0.0
i= 0.0 degrees
B= 0.0 degrees
Moment Arm @ B/Footing = 0.33 ft
Moment = 0.0 k*ft
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* BY RUK DATE 12/21/2021
CHK'D. BY MGH DATE 12/22/2021
SEISMIC FORCES ON WALL (EQy.): (See Attached Calc)
Shear at base of wall = 0.9 k
Moment on wall = 6.8 k*ft
LOAD SUMMARY
Force

M t

Load Vertical Lateral omen
P, (kips) Py (kips) (kips)
DC 2.6 0.0
EV 1.6 0.6
EH 0.1 0.0
WSsrr 0.18 1.5
WSqrry 0.09 0.8
WSsgry | 0.10 1.9
EQqi 0.0 6.0
EQuan 0.9 68 |
Calculate Bearing Pressure
Load Combinations (AASHTO Table 3.4.1-1)
R - Forg Moment

Load Combination Vertical Lateral e B' o,

P, (kips) | Py (kips) (kips) ft ft ksf
STRENGTH IIl: 1.25DC+1.5EH+1.0(EV+WS) 4.8 02 2.1 0.4 5.1 0.94
STRENGTH V: 1.25DC+1.5EH+1.0(EV+WS) 4.8 0.2 1.4 0.3 5.4 0.89
EXT EVENT I: 1.0(DC+EV+EQ,;+EQ, 1) 4.2 0.9 7.4 1.8 2.5 1.69
SERVICE I: 1.0(DC+EV+EH+WS) 4.2 0.2 1.5 0.4 5.3 0.79
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BY RUK DATE 12/21/2021
CHK'D. BY MGH DATE 12/22/2021
Eccentricity = e =M/P,
B= 5.00 ft B'=B-2e

The vertical suess shall be calculated as follows:

>V
G =
" B-2e

Check Eccentricity Limits

(11.6.

3.2-1)

(AASHTO 11.6.3.3)

- The location of the resultant is limited to the middle two-thirds of the width of the foundation.

emax = B/3 2.00 ft
o ! - Force Moment .
Load Combination Vertical Lateral e Middle
P, (kips) | Py (kips) (kips) ft Two-Thirds
STRENGTH III: 0.9DC+1.5EH+1.00(EV+WS) 3.9 0.3 2.1 0.4 Yes
STRENGTH V: 0.9DC+1.5EH+1.00(EV+WS) 3.9 0.2 1.4 0.3 Yes
EXT EVENT I: 1.0(DC+EH+EV+EQ,;+EQu.) 4 0.9 7.4 1.8 Yes
SERVICE I: 1.0(DC+EV+EH+WS) 4.2 0.2 1.5 0.4 Yes
Check Sliding (AASHTO 10.6.3.4 and AASHTO 11.5.6)
Forc
Load Combination Vertical ateral ¢rRT  [IsRt>Vx?
P, (kips) | Py (kips) kips
STRENGTH I11: 0.90DC+1.5EH+1.00(EV+WS) 3.9 03 2.5 Yes OK
STRENGTH V: 0.9DC+1.5EH+1.00(EV+WS) 3.9 02 2.5 Yes OK
EXT EVENT I: 1.0(DC+EH+EV+EQ,q;+EQu01) 4.2 0. 2.6 Yes  |OK
SERVICE I: 1.0(DC+EV+EH+WS) 4.2 0.2 2.6 Yes OK
Sliding Resistance = ¢;Rt = dCP, tan ¢
$r=0.8 (AASHTO Table 10.5.5.2.2-1)
C=1.0
b= 38 degrees

Coeffient of Friction = tan ¢;= 0.78

(AASHTO 10.6.3.4-2)

(AASHTO C3.11.5.3)

OK
OK
OK
OK
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SOUND BARRIER DESIGN FORCE
NOISE BARRIER WALL TYPE 11 GEOMETRY
Wall Length L= 1 ft
Wall/Wall Height H= 11 ft
Wall Thickness T= 12 in
MATERIALS
Wall Concrete f'= 4 ksi
Ye 0.15 kef
E. = 4266 ksi
Reinforcing Steel f, = 60 ksi
E.= 29000 ksi
DEAD LOAD
Weight of Walls
Vertical Dead Load D= 1.65 kips

SEISMIC FORCE

Seismic design shall be in accordance with AASHTO LRFD Article 3.10.2.1-General Procedure, considering site class D:

a. Modal analysis shall be performed for the first 4 periods. Elastic seismic response coefficient Csm shall be computed for each
modal period in accordance with LRFD Article 3.10.4.2 and all 4 Csm coefficients shall be combined through the SRSS method.

b. The resultant seismic force shall be considered to act at a height of 0.71H above the top of the shaft,
where H is the total height measured from the top of the Wall to the top of the shaft.

Structural Modeling
Modeling the column as a cantilever beam

The mass of column and ajacent Walls is uniformly distributed along the column

Uniform Weight w=
Uniform Mass m =
Column =

Modulus E=
Gravity g=

0.15 kips/ft
0.0004

1728 in*
4266 ksi
386 in/sec?

r
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JOB NAME 1-405 - Renton to Bellevue Design-Build
wo‘ \ Supervisor WPM TAsk  CIP Noise Wall 6
[ ]

BY RUK DATE 6/18/2021
CHK'D. BY MGH DATE 6/18/2021
Modal Analysis
Uas Pa Us, P3 Uy, Py Uy, Py
1/4mL l 1/4mL 1/4mL El, m 1/8mL
1/4L | 1/4L < 1/4L 1/4L
N
. L R
- P —

Flexibility Matrix

Py = 1
X u
u, 0.00 0.33333333
u, 0.25 0.21093750
uz 0.50 0.10416667
U, 0.75 0.02864583
P2 = 1
a= 0.25
b= 0.75
X u
u, 0.00 0.2109375
u, 0.25 0.1406250
uz 0.50 0.0729167
U, ).75 0.0208333
Ps = 1
a= 0.5
b= 0.5
X u
u, 0 0.104166667
u, 0.25 0.072916667
uz 0.5 0.041666667
U, 0.75 0.013020833
Ps = 1
a= 0.75
b= 0.25
X u
u, 0.00 0.028645833
u, 0.25 0.020833333
uz 0.50 0.013020833
U, 0.75 0.005208333
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Flexibility Matrix
p;=1 p,=1 ps=1 ps=1
u, = L3/EI* 0.3333 0.2109 0.1042 0.0286
u, = L3/EI* 0.2109 0.1406 0.0729 0.0208
uz = L3/EI* 0.1042 0.0729 0.0417 0.0130
Uy = L3/EI* 0.0286 0.0208 0.0130 0.0052
Stiffness Matrix K
EI/L3 102.928 -233.567 166.268 -47.505
EI/L3 -233.567 633.402 -613.608 285.031
EI/L3 166.268 -613.608 918.433 -756.124
EI/L3 -47.505 285.031 -756.124 1203.464
K= 329.912 -748.647 532.935 -152.267
-748.647 2030.229 -1966.784 913.603
532.935 -1966.784 2943.832 -2423.586
-152.267 113.603 -2423.586 3857.435
Mass Matrix M
1/8mL C 0 0
0 1/4m 0 0
0 0 1/4mL 0
0 0 0 1/4mL
M = 0.000534326 0 0 0
0 0.001068653 0 0
0 0 0.001068653 0
0 0 0 0.001068653
First Mode
w, K-w,,”*M
8760.381 325.231 -748.647 532.935 -152.267
-748.647 2020.867 -19¢6.784 913.603
532.935 -1966.784 2934.470 -2423.586
-152.267 913.603 -2423.586 3848.073
Det(K—wnz*M):O 0.00003 goal seek (Set cell: Det(K-w,”*M), To value: 0, By changing cell: w,°)
®;= 93.597 |rad/sec Ty= |0-067 |sec
Second Mode
w, K-w,,”*M
302652.26 168.1970731 -748.647 532.935 -152.267
-748.647 1706.799 -1966.784 913.603
532.935 -1966.784 2620.402 -2423.586
-152.267 913.603 -2423.586 3534.004

Det(K-w,,**M)=0

W, =

-0.00007 goal seek (Set cell: Det(K—wnz*M), To value: 0, By changing cell: wlz)

550.138

|rad/sec

T,=

lTOl_—|sec
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Third Mode
w, K-w,,”*M
2122367.04 -804.125 -748.647 532.935 -152.267
-748.647 -237.845 -1966.784 913.603
532.935 -1966.784 675.758 -2423.586
-152.267 913.603 -2423.586 1589.361
Det(K—wnz*M):O -0.003579556 goal seek (Set cell: Det(K-w,”*M), To value: 0, By changing cell: w,’)
3= ' 1456.835 rad/sec T,= |0.004
Fourth Mode
w, K-w,>*M
6447794.46 -3115.315 -748.647 532.935 -152.267
748.647 -4860.225 -1966.784 913.603
532.935 -1966.784 -3946.622 -2423.586
-152.267 913.603 -2423.586 -3033.019
Det(K—wnz*M):O -0.135426612 goal seek (Set cell: Det(K—wnz*M), To value: 0, By changing cell: wlz)
®4= | 2539251 |rad/sec T,= |0.002
Summary
Mode  (rad/sec) T (sec)
1 93.597 0.067
2 550.138 0.011
3 1456.835 0.004
4 2539.251 | 0.002
NATURAL PERIODS By Equation
K, [EIg
= o\ ot
T, =1/f, w, =21T,
First Mode Ky = 3.52
Second Mode Ky = 22.03
Third Mode K3 = 61.7
Fourth Mode Ky = 120.9
g= 386
Mode Natural Frequency Natural period Natural Frequency
f, (Hz) T, (second) ®, (Rad/Sec)
1 15.323 0.065 96.279
2 96.011 0.010 603.252
3 268.899 0.004 1689.544
4 526.903 0.002 3310.631

| sec
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First Mode
K-WIZM 325.231 -748.647 532.935 -152.267
-748.647 2020.867 -1966.784 913.603
532.935 -1966.784 2934.470 -2423.586
152.267 913.603 -2423.586 3848.073
0.0022307 0.0023031 0.0008972 -749
0.0023031 0.0029860 0.0013339 533
0.000897. 0.0013339 0.0008870 -152
Mode Shape Plot
b = 1 ] 0 1.000
0.654 0.250 0.654
0.336 0.500 0.336
0.096 0.750 0.096
1.000 0.000
First Mode Shape
2.000
1.000 o\'\*
0.000 ———e—»
0 0 0 1 1 1
Secod Mode
K-WZZM 168.197 -748.647 532.935 -152.267
-748.647 1706.799 -1966.784 913.603
532.935 -1966.784 2620.402 -2423.586
-152.267 913.603 -2423.58 3534.004
-0.0024768 -0.0034639 -0.0017352 -748.647
-0.0034639 -0.0038008 -0.0017111 532.935
-0.0017352 -0.0017111 -0.0004419 -152.267
Mode Shape Plot
o, = 1 0 1.000
-0.272 0.250 -0.272
-0.828 0.500 -0.828
-0.454 0.750 0.454
1.000 0.000
Second Mode Shape
2.000
0.000
0 0 1 1 1
-2.000
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Third Mode
K-W3ZM -804.125 -748.647 532.935 -152.267
-748.647 -237.845 -1966.784 913.603
532.935 -1966.784 675.758 -2423.586
-152.267 913.603 -2423.586 1589.361
-0.0015290 0.0002904 0.0013218 -748.647
0.0002904 -0.0003863 -0.0007560 532.935
0.0013218 -0.0007560 -0.0012834 -152.267
Mode Shape Plot
Oy = 1 0 1.000
-1.098 0.250 -1.098
308 0.500 0.308
1.197 0.750 1.197
1.000 0
Third Mode Shape
2.000
0.000 \
0 0 1 1 1 1
-2.000
Fourth Mode
K-W42M -3115.315 -743.647 532.935 -152.267
-748.647 -4860.225 -1966.784 913.603
532.935 -1966.734 -3946.622 -2423.586
-152.267 913.603 -2423.586 -3033.019
-0.0010344 0.0013878 -0.0014206 -748.647
0.0013878 -0.0023596 0.0023035 532.935
-0.0014206 0.0023035 -0.0025982 -152.267
Node Shape Plot
by = 1 0 1.000
-1.730 0.250 -1.730
2.647 0.500 2.647
-2.687 0.750 -2.687
1.000 0.000
Fourth Mode Shape
10.000
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Mode Shape Matrix 1.000 1.000 1.000 1.000
0.654 -0.272 -1.098 -1.730
0.336 -0.828 0.308 2.647
0.096 -0.454 1.197 -2.687
Transpose Mode Shape Matrix 1.000 0.654 0.336 0.096
1.000 -0.272 -0.828 -0.454
1.000 -1.098 0.308 1.197
1.000 -1.730 2.647 -2.687
Generalized Mass 0.0005 0.0007 0.0004 0.0001
0.0005 -0.0003 -0.0009 -0.0005
0.0005 -0.0012 0.0003 0.0013
0.0005 -0.0018 0.0028 -0.0029
M, = 0.001 0.000 0.000 0.000
0.000 0.002 0.000 0.000
0.000 0.000 0.003 0.000
0.000 0.000 0.000 0.019
Generalized Stiffness 4.681 6.123 3.145 0.898
161.715 38.120 -267.857 -146.978
1134.037 -2490.741 699.000 2714.920
3445.227 -11922.770 18240.676 -18512.810
K, = 9.829 0.000 0.000 0.000
0.000 474.348 0.000 0.000
0.000 0.000 7334.532 0.000
0.000 0.000 0.000 122101.972
Verify Natural Frequency
Mode 0] Eigen Value Equation
1 93.597 93.597 96.279
2 550.138 550.138 603.252
3 1456.835 1456.835 1689.544
4 2539.251 2539.251 3310.631
Generalized Force P, 0.000534326 0.000698984 0.000359017 0.00010245
0.000534326 -0.000291158 -0.000885032 -0.000485632
0.000534326 -0.001173567 0.000329349 0.001279194
0.000534326 -0.001849124 0.002828979 -0.002871185
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Directional Vector 1 0.001694778
1 -0.001127495
1 0.000969303
L 1 -0.001357003
P, 1.5106
-0.7194
2805
-0.0717
SEISMIC DESIGN PARAMETERS
Peak Ground Acceleration PGA 0.422
Spectral Acceleration at 0.2 Second Sg = 0.959
Spectral Acceleration at 1 Second S, = 0.278
Site Class D
Site Factors: Foga 1.178
k.= 1.116
F, 2.044
Response Spectrum Sps 1.070
Spr = 0.568
To= 0.531
T, = 0.106
As= 0.497

ELASTIC SEISMIC RESPONSE COEFFICIENT C,,,,

AASHTO LRFD Article 3.10.4.2

- For periods less than or equal Ty:

For mode m, the elastic seismic response coefficien: = Ci,, = Ag + (Sps — As) (Tm / To)

- For periods greater than Ty and less than or equal T; : C,, = Sps
- For periods greaterthan T, : Con=Sp1/ Tm

Mode o (rad/sec) T (sec) Com Coisp
1 93.597 0.067 0.859 0.05720
2 550.138 0.011 0.55¢ -0.00051
3 1456.835 0.004 0.520 0.00003
4 2539.251 0.002 0.510 0.00000
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MODAL SPECTRUM ANALYSIS
Modal Displacements
Mode 1 Mode 2
¢ = ul h = u2
1.000 0.05720 1.000 -0.00051
0.654 0.03742 -0.272 0.00014
0.336 0.01922 -0.828 0.00042
0.096 ).00548 -0.454 0.00023
Mode 3 Mode 4
s = u3 4= ud
1.000 0.00003 1.000 -0.000002
-1.098 -0.00002 -1.730 0.000004
0.308 0.00001 2.647 -0.000006
1.197 0.00003 -2.687 0.000006
Total Displacements
up = 0.06 i
u, = 0.04 in
Uy = 0.02 in
Uy = 0.01 in
Modal Base Shear
Mode 1 Mode 2 Mode 3 Mode 4
Vy 0.268 -0.083 0.030 -0.008
V, 0.350 0.045 -0.066 0.026
V3 0.180 0.137 0.019 -0.040
V, 0.051 0.075 0.072 0.041
Total 0.849 0.175 0.055 0.019
Base Shear
SRSS 0.87 kips
Base Moment 6.79 kips-ft
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Stem Strength Design
Parameters
f,= 60 ksi WSDOT BDM 5.1.2/AASHTO 5.5.3.2
f.= 4 ksi WSDOT BDM 5.1.1.B.2/BDM 7.1.5
Arch. Treatments = 2 in
h= 10.00 in
b= 12 in AASHTO 5.10.1
cover = 2 in
Rebar # = 6
Rebar Diameter = 0.75 in
Spacing = 12 in
n= 8
0] 0.90 AASHTO 5.5.4.2
b, = 0.90 AASHTO 5.5.4.2
Check Moment Strength:
Mu = 7.36 k-ft Extreme Event
M(service) = 1.43 k-ft Service |
- 0.90
# of rebar = 1.00
Rebar Area = 0.44 in’
As= 0.44 in’

d = h-cover-(Rebar Diameter/2)

d= 7.63 in
B,= 0.35 AASHTO 5.6.2.2
a = (As*fy)/(0.85*fc*b)
a= 0.65 in
c=a/p; AASHTO Eqgn. 5.6.3.1.2-4
c= 0.76 in
OMn = O*As*fy*(d-a/2) AASHTO 5.6.3.2
OMn = 14.46 k-ft

®Mn >Mu? VES

Check Min. Reinforcement: (LRFD 5.6.3.3)
fr = 0.37*SQRT(fc)

fr= 0.74 k
Sx = b*h’/6
Sx = 200 in”
1.6 * Mcr = 1.6*fr*Sx
1.6* Mcr = 20 kips-ft
1.33*Mu = 10 kips-ft

®Mn > MIN(1.6*Mcr,1.33*Mu ? YES
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Check Crack Control: (LRFD 5.6.7)

p = As/(b*d)
p= 0.00481
p*n = 0.03847
k= SQRT(pn” + 2*pn)-pn
k= 0.24157
i=1-(k/3)
j= 0.919
fs = M(service)/(As*j*d)
fs = 5.58 ksi
0.6*fy = 36 ksi
fs <= 0.6*fy OKAY

Check if tension in cross-section exceeds £0% of modulus of rupture
fr = 0.24*SQRT(f'c)

fr= 0.48 ksi
0.8*fr = 0.38 ksi
fT = M(service)/Sx
fT= 0.09 ksi
fT > 0.8*fr DOES NOT EXCEED

Shrinkage and Temperature Reinforcement (LRFD 5.10.6)
A, >= 1.3*b*h/(2*(b+h)*f,)

ASmin = 0.11in’
Smax = 15 in
Try Bar # = 4
Apar = 0.20 in’
Spacing = 15 in OKAY
As= 0.16 in’/ft OKAY
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Wall Shear Design (LRFD 5.7)
b, = 0.90
Vu = 0.89 kips
Shear Bar = 4
Area per Bar = 0.20 in?
Legs per Bar = !
Av = Area per Bar " Legs per Bar
Av = 0.4 in’
Smax= Min (d/2, 24in)
Simax= 3.81in
Vc= 2*SQRT(f'c)*b*d
Vc= 11.57 kips
Req'd Vn=Vu/d,
Reqg'd Vn= 0.99 kips
Vc>Req'dVn? Shear Steel Not Required

$Vn = ¢(Vc+Vs) >=Vu
$Vn = 10 OKAY

Development Length of Hooked Rebar in Stem and Grade Beam (LRFD 5.10.8.2.1a):
lgp = 2.4%dy*f,/SQRT(f',)

lgp = 54 in
A= 1.0 for normal weight concrete
A= 1
A, = reinforcement location factor, 1.3 if more than 12" concrete below reinf.
A= 1
A= coating factor
A= 1
dy = 0.75
¢, = MIN(cover,bar spacing/2)
Cp= 2
ki = cross-sect area of transv reinf.
ke = 0
A= reinforcement confinement factor, d,/(cy+ky)
A= 0.375
ASrequired = (Mu/d)/(f,*(d-a/2))
ASrequired = 0.22 in®
Aer = 1.0 for seismic-force-resisting systems
Aer = 1.00
lg = lgp ¥ArPALNF )N
ly= 20.25 in
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Vertical Flexural Rebar to be Lapped with Hooked Rebar Design (AISC 14th Ed. Table 3-23-19):

Mmax = MU
M, = 7.36 kip-ft
L = Height of Noise Wall
L= 11.00 ft
W= 2*M,, /L
w = 0.12 kip/ft

x = Height of Noise Wall -Development Length of Hooked Rebar

X = 9.31 ft
VW aex = w*x’/2
M iy = 5.28 kip-ft
- 0.90
Try Rebar Size 5
Try Spacing 12.00 in
# of rebar = 1.00
Rebar Area = 0.31 in?
As= 0.31 in?

h-cover-(Rebar Diameter/2)

d= 7.63 in
B, : 0.85

a = (As*fy)/(0.85*fc*b)
a= 0.46 in
c=a/B,;

c= 0.54 in

OMn = O*As*fy*(d-a/2)
OMn = 10.32 k-ft
®Mn > Mu ? YES
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Footing Strength Design
Parameters
fy = 60 ksi WSDOT BDM 5.1.2/AASHTO 5.5.3.2
f.= 4 ksi WSDOT BDM 5.1.1.B.2/BDM 7.1.5
h= 12 in
b= 12 in
“over = 3in AASHTO 5.10.1
Rebar # = 5
Rebar Diameter = 0.625 in
Spacing = 12 in
n= 8
Q- 0.90 AASHTO 5.5.4.2
b, 0.90 AASHTO 5.5.4.2
Check Moment Strength:
Oextr = 1.69 ksf Max bearing pressure applied
Osery = 0.79 ksf Service Load bearing pressure
L= 2.50 ft Heel of Footing Length
Mu = g*L*/2
Mu = 5.28 k-ft Extreme Event
M(service) = 2.46 k-ft Service |
- 0.90
# of rebar = 1.00
Rebar Area = 0.31 in®/ per bar
As= 0.31 in’

d = h-cover-(Rebar Diameter/2)

d= 8.69 in
Bi= 0.85 AASHTO 5.6.2.2
a = (As*fy)/(0.85*fc*b)
a= 0.46 in
c=a/B; AASHTO Egn. 5.6.3.1.2-4
c= 0.54 in
OMn = O*As*fy*(d-a/2) AASHTO 5.6.3.2
OMn = 11.80 k-ft

®Mn > Mu ? YES
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Check Min. Reinforcement: (LRFD 5.6.3.3)
fr = 0.37*SQRT(fc)
fr = 0.74 ksi
Sx = b*h’/6
Sx = 288 in’
1.6 * Mcr = 1.6*fr*Sx
1.6 * Mcr = 28.42 kips-ft
1.33 * Mu - 7 kips-ft
®Mn > MIN(1.6*Mcr,1.33*Mu) ? YES

Check Crack Control: (LRFD 5.6.7)

p = As/(h*d)
p= 0.00297
p*n= ).02379
k = SQRT(¢ V4 2*pn)-pn
k= 0.19563
j=1-(k/3)
j= 0.935
fs = M(service)/(As*j*d)
fs = 11.70 ksi
0.6*fy = 36 ksi
fs <= 0.6*fy OKAY

Check if tension in cross-section exceeds 80% of modulus of rupture
fr = 0.24*SQRT(f'c)

fr= 0.48 ksi
0.8*fr = 0.38 ksi
fT = M(service)/Sx
fT = 0.10 ksi
fT > 0.8*fr DOES NOT EXCEED

Shrinkage and Temperature Reinforcement (LRFD 5.10.6)
A >= 1.3*b*h/(2*(b+h)*f,)

ASin = 0.11in’
Srax = 18 in
Try Bar # = 4
Apar = 0.20 in’
Spacing = 18 in JKAY
As = 0.13 in’/ft OKAY
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Footing Shear Design (LRFD 5.7)
by = 0.90
Footing Width = 6.42 ft
Stem Width = 1.00 ft
Critical Section = Ls = (Footing Width -Stem Width)/2-d
Ls = 1.98 ft
Vu = g*Ls
Vu = 3.35 kips
Shear Bar = 5
Area per Bar = 0.31 in’
Legs per Bar = 2
Av = Area per Bar * Legs per Bar
Av = 0.62 in’

Sma= Min (d/2, 24in)
S 4.34 in

Ve= 0.0316*B*A*V(f')*b*d,  LRFD5.7.3.3-3

A= 1 LRFD 5.4.2.8
B= 2 LRFD 5.7.3.4
d, = MAX(0.9*d,0.72*h)
d, = 8.64 in
Vc= 13.11 kips
Req'd Vn=Vu/d,
Req'd Vn= 4 kips
Vc>Req'dVn? Shear Steel Not Required

¢Vn = ¢p(Vc+Vs) >=Vu
$Vn = 12 OKAY
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Preliminary Analysis for:
Cast-In-Place Concrete Noise Wall on Footing
Maximum Total Wall Height = 11" with Maximum Embedment

DESIGN CRITERIA:

- WSDOT Bridge Design Manual, July 2019

- AASHTO LRFD 8th Edition

- Geotechnical Engineering Report: Soldier Pile Wall 10.35L and Noise Wall 6

DESIGN ASSUMPTIONS:

- Exposed Wall Height is maximum 9.0’ front face and 8.0' back face.

- Noise Wall is supporting 1' of fill.

- Seismic design is based on WSDOT BDM 2.2.2 and AASHTO LRFD 4.7.4.3.3.

- Noise Wall Dimensions are based on WSDOT Bridge Manual for Non-Standard Walls, page 8-23.

- Wind load is considered.

- Seismic soil forces are considered.

- Seismic internal wall forces are considered.

- Moment is positive with right hand rule at bottom center of footing. Right of center is positive, Left
of center is negative.

Try:
Footing Width = 6.00 ft
Footing Thickness = 1.00 ft
Wall Height = 11.00 ft
Exposed Wall Height = 9.00 ft
Wall Thickness = 1.000 ft - Includes form liner on each face
Footing Toe Width = 2.500 ft
Footing Heel Width = 2.500 ft

DEAD LOAD (DC):

Loads based on linear foot of wall

Moment
Shape Arm @ CL
Iltem Density Length | Thickness| Factor Area Weight | of Footing | Moment
kcf ft ft ft” KIf ft k*ft
Noise Wall 0.150 11 1.00 1 11.00 1.65 0.00 0.00
Footing 0.150 6.0 1.00 1 6.00 0.90 0.00 0.00
Totals = 2.55 0.00
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VERTICAL SOIL LOAD (EV):
Loads based on linear foot of wall
Moment
Shape Arm @ CL
Item Density Width Height Factor Area Weight | of Footing | Moment
kcf ft ft ft? kif ft k*ft
Toe 0.130 2.50 2.33 1 5.83 0.76 -1.75 -1.33
Heel 0.130 2.50 3.33 1 8.33 1.08 1.75 1.89
Totals = 1.84 0.57

HORIZONTAL SOIL LOAD (EH):

EH = (1/2)*Ka*Y*H’ )
EH = 0.02 kIf Ka
Moment Arm @ B/Footing = 0.33 ft Y
Monent = 0.0 k*ft H
WIND LOAD (WS):
P, = 2.56X10 °*V2*K,*G*C,,
Vstru= 110 mph
Vsrry= 80 mph
Vsgrv = 70 mp!
Kz sta= 0.71
Kz_serv= 1.0
G= 0.85
Cp= 1.2
Z= 7.67 = Exposed Noise Wall Height at the Back Face
P2 str = 0.022 ksf
PZ_STR V= 0.012 ka
P serv = 0.013 ksf
Pw = P,*Z
Moment Arm @ B/Footing = 8.5 f
Linear feet of Wall
Pw Moment
kIf k*ft
STRIII 0.17 1.5
STRV 0.09 0.8
SERV | 0.10 0.8

- Not required when seismic soil is being included. (AASHTO C11.6.5.1)

38 degrees
0.24
0.13 kcf
1.00 ft

(AASHTO 3.8.1.2.4)

(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table 3.8.1.1.2-1)
(AASHTO Table C3.8.1.2.1-1)
(AASHTO 3.8.1.2.1)
(AASHTO Table 3.8.1.2.1-1)
(AASHTO Table 3.8.1.2.1-2)

(AASHTO 3.8.1.2.4)
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e s |
load applied at 0.55*Z from the top of roadway. (AASHTO 3.8.1.2.4)

- Moment Arm is from the top of the retaining wall.

SEISMIC ACTIVE EARTH PRES

= 0.55*(Noise Wall Height + Traffic Barrier Height) + Slab Thickness

JURES (EQuo):

Peeic = P LRFD 11.6.5.1
Peis=  0.048  kIf P..is is applied 1/3 height of soil.
Pae = 0.048 kIf LRFD 11.6.5.3-2
Pae = 0.5%Y*K, *h?
- Monobe-Okabe Analysis LRFD A11.3.1
Figore A11.3.1-1—Mononobe-Okabe Method Forox Diagrams
E, .= cu*s'l;dl—ﬁi_,r:.—ﬁl —x |1+ M'M (A113.1-1)
T cosypncos Peos(B+ BB cos(D Bt By jeos(i—B] |
where:
Eup =  selzmuic actrve earth pressure coefficient (dum)
¥ = unitweaght of soil (kef)
H = height of wall (f)
h = height of wall at back of wall heel considermg height of slopmg surcharge, if present (ft)
§ = fncton angle of soil (degrees)
By = are tan [k/(1 — K] (degrees)
& = wall backfill mterface friction angle (degrees)
k. = horzontal seismie accelerahon coefficient (dim )
E, = wertical seismic acceleration coefficient (dim.)
i = backfill slope angle (dezrees)
B = slope of wall to the vertical, negative as shown (degrees)

kpe=  0.732
U= 042

Yoi=  0.130
H= 1.0
$=  38.00
6= 264

§=2/3*p=  25.3
ko=1.0%ky=  0.497
kio=A,=  0.497

k,= 00
i= 00
B= 00

Moment Arm @ B/Footing =
Moment =

— sin(¢+38)sin(d—0,, —i)
kef lb - {IJF\/FO. (8+P+6,,0)cos(i—P)
ft Height of soil and footing
degrees
degrees

degrees
Note: 0.5*kho=0.249, by using 1.0*kho this increased the Extrerne Event Moment by 0% and the
Lateral load by 2%. This small increase does not affect the outcome of the calc.

degrees

degrees
0.33 ft
0.0 k*ft
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JOB NO. PS19203160 SHEET 40f5
JOB NAME I-405 - Renton to Bellevue Design-Build
W“o Supervisor WPM TASK CIP Noise Wall 6
e BY RUK DATE 12/21/2021
CHK'D. BY MGH DATE 12/22/2021
SEISMIC FORCES ON WALL (EQya): (See Attached Calc)
Shear at base of wall = 0.9 k
Moment on wall = 6.8 k*ft
LOAD SUMMARY
Force

M t

Load Vertical Lateral omen
P, (kips) | Py (kips) (kips)
DC 2.6 0.0
EV 1.8 0.6
EH 0.1 0.1
WSsrrm 0.17 1.5
WSy 0.09 ).8
WSgery | 0.10 0.2
EQsoil 0.0 0.0
EQuall 0.9 6.8
Calculate Bearing Pressure
Load Combinations (AASHTO Table 3.4.1-1)
o - Force — Moment

Load Combination Vertical Latera! e B' o,

P, (kips) [ Py (kips) (kips) ft ft ksf
STRENGTH IlI: 1.25DC+1.5EH+1.0(EV+WS) 5.0 0.3 2.1 0.4 5.2 0.98
STRENGTH V: 1.25DC+1.5EH+1.0(EV+WS) 5.0 0.2 1.4 0.3 5.4 0.93
EXT EVENT I: 1.0(DC+EV+EQo;+EQyan) 4.4 0.9 7.4 1.7 2.6 1.66
SERVICE I: 1.0(DC+EV+EH+WS) 4.4 0.2 1.5 0.3 5.3 0.82
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JOB NO.

JOB NAME
WOO Supervisor
® BY
CHK'D. BY

PS$19203160

SHEET

50f5

I-405 - Renton to Bellevue Design-Build

WPM

RUK

Eccentricity = e =M/P,
B= 6.00 ft

MGH

B'=B-2e

The vertical stress shall be calculated as follows:

TASK
DATE
DATE

CIP Noise Wall 6

12/21/2021

12/22/2021

(AASHTO 11.6.3.3)

RN .
=3 (11.63.2-1)
Check Eccentricity Limits
- The location of the resultant is limited to the middle two-thirds of the width of the foundation.
emax =B/3 2.00 ft
F
L - orce Moment
Load Combination Vertical Lateral e Middle
P, (kips) [ Py (kips) (kips) ft Two-Thirds
STRENGTH IlI: 0.9DC+1.5EH+1.00(EV+WS) 4.1 0.3 2.1 0.4 Yes
STRENGTH V: 0.9DC+1.5EH+1.00(EV+WS) 1.1 0.2 1.4 0.3 Yes
EXT EVENT I: 1.0(DC+EH+EV+EQ;+EQya1) 4.1 0.9 7.4 1.7 Yes
SERVICE I: 1.0(DC+EV+EH+WS) 4.4 0.2 1.5 0.3 Yes
Check Sliding (AASHTO 10.6.3.4 and AASHTO 11.5.6)
Force
Load Combination Vertical Lateral drRT  [Is Rt>Vx?
P, (kips) [ Py (kips) kips
STRENGTH IlI: 0.90DC+1.5EH+1.00(EV+WS) 4.1 0.3 2.6 Yes OK
STRENGTH V: 0.9DC+1.5EH+1.00(EV+WS) 4.1 0.2 2.6 Yes OK
EXT EVENT I: 1.0(DC+EH+EV+EQ;+EQya1) 4.4 0.9 2.7 Yes OK
SERVICE I: 1.0(DC+EV+EH+WS) 4.4 0.2 2.7 Yes OK
Sliding Resistance = ¢;Rt = ¢1CP, tan ¢
$;=0.8 (AASHTO Table 10.5.5.2.2-1)
C=1.0
d:= 38 degrees

Coeffient of Friction =tan ¢; = 0.78

(AASHTO 10.6.3.4-2)

(AASHTO C3.11.5.3)

OK
OK
OK
OK
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JjoBNO.  PS19203160 SHEET 10of9

JOB NAME I-405 - Renton to Bellevue Design-Build
W‘ . o Supervisor WPM TAsk  CIP Noise Wall 6
e BY RUK DATE 6/18/2021

CHK'D. BY BJD DATE 6/18/2021

SOUND BARRIER DESIGN FORCE

NOISE BARRIER WALL TYPE 11 GEOMETRY

Wall Length L= 1 ft
Wall/Wall Height H= 11 ft
Wall Thickness T= 12 in
MATERIALS
Wall Concrete f'= 4 ksi
Ve 0.15 kef
E. = 4266 ksi
Reinforcing Steel f, = 60 ksi
E = 29000 ksi
DEAD LOAD

Weight of Walls
Vertical Dead Load D= 1.65 kips

SEISMIC FORCE
Seismic design shall be in accordance with AASHTO LRFD Article 3.10.2.1-General Procedure, considering site class D:
a. Modal analysis shall be performed for the first 4 periods. Elastic seismic response coefficient Csm shall be computed for each
modal period in accordance with LRFD Article 3.10.4.2 and all 4 Csm coefficients shall be combined through the SRSS method.
b. The resultant seismic force shall be considered to act at a height of 0.71H above the top of the shaft,
where H is the total height measured from the top of the Wall to the top of the shaft. -

Structural Modeling
Modeling the column as a cantilever beam
The mass of column and ajacent Walls is uniformly distributed along the column

Uniform Weight w= 0.15 kips/ft
Uniform Mass m = 0.0004

Column I= 1728 in
Modulus E= 4266 ksi
Gravity g= 386 in/sec’
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JjoBNo.  PS19203160 SHEET 2 0of9
JOB NAME 1-405 - Renton to Bellevue Design-Build
WC\Od Supervisor WPM TAsk  CIP Noise Wall 6
® BY RUK DATE  6/18/2021
CHK'D. BY BID DATE 6/18/2021
Modal Analysis
Uas Pa Us, P3 Uy P2 Uy, Py
1/4mL l 1/4mL 1/4mL £l m 1/8mL
—
1/4L 1/4L 1/4L 1/4L
D
B L R
- RPE—
Flexibility Matrix
P1= 1
X u
u; 0.00 0.33333333
u, 0.25 0.21093750
U3 0.50 0.10416667
Uy 0.75 0.02864583
P2 = 1
a= 0.25
b= 0.75
X u
u; 0.00 0.2109375
u, 0.25 0.1406250
us 0.50 0.0729167
Uy 0.75 0.0208333
P3 =
a= 0.5
b= 0.5
X u
u; 0 104166667
u, 0.25 0.072916667
us 0.5 0.041666667
Uy 0.75 0.013020833
Ps = 1
a= 0.75
b= 0.25
X 1
u; 0.00 0.028645833
u, 0.25 0.020822333
U3 0.50 0.013020833
Uy 0.75 0.005208333
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JjoBNO.  PS19203160 SHEET 3 0f9
JOB NAME 1-405 - Renton to Bellevue Design-Build
wo C‘ Supervisor WPM TAsk  CIP Noise Wall 6
® BY RUK DATE 6/18/2021
CHK'D. BY BID DATE 6/18/2021
Flexibility Matrix
p =1 p=1 p3=1 pa=1
u, = L3/EI* 0.3333 0.2109 0.1042 0.0286
u, = L3/EI* 0.2109 0.1406 0.0729 0.0208
uz = L3/EI* 0.1042 0.0729 0.0417 0.0130
Uy = L3/EI* 0.0286 0.0208 0.0130 0.0052
Stiffness Matrix K
EI/L3 102.928 -233.567 166.268 -47.505
EI/L3 -233.567 633.402 -613.608 285.031
EI/L3 166.268 -613.608 918.433 -756.124
EI/L3 -47.505 285.031 -756.124 1203.464
K= 329.912 -748.647 532.935 -152.267
-748.647 2030.229 -1966.784 913.603
532.93:¢ -1966.784 2943.832 -2423.586
-152.267 913.603 -2423.586 3857.435
Mass Matrix M
1/8mL 0 0 0
0 1/4mL 0 0
0 0 1/4mL 0
0 0 0 1/4mL
M = 0.000534326 0 0 0
0 0.001068653 0 0
0 0] 0.001068653 0
0 0 0 0.001068653
First Mode
w, K-w,,”*M
8760.381 325.231 -748.647 532.935 -152.267
-748.647 2020.867 -1966.784 913.603
532.935 -1966.784 2934.470 -2423.586
-152.267 913.603 -2423.586 3848.073
Det(K—wnz*M):O 0.00003 goal seek (Set cell: Det(K-w,>*M), To value: 0, By changing cell: w,°)
®;= 93.597 |rad/sec Ty= |0-067 |sec
Second Mode
w, K-w,,”*M
302652.26 168.1970731 -748.647 532.93¢ -152.267
-748.647 1706.799 -1966.784 913.603
532.935 -1966.784 2620.402 -2423.586
-152.267 913.603 -2423.586 3534.004

Det(K-w,,**M)=0

W, =

-0.00007 goal seek (Set cell: Det(K—wnz*M), To val

550138 |rad/sec

T,=

e: 0, By changing cell: wlz)

[0.011 sec
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joBNo.  PS19203160 SHEET 4 0of 9
JOB NAME 1-405 - Renton to Bellevue Design-Build
wc Od Supervisor WPM TAsk  CIP Noise Wall 6
® BY RUK DATE 6/18/2021
CHK'D. BY BID DATE 6/18/2021
Third Mode
w, K-w,,”*M
2122367.0 -804.125 -748.647 532.935 -152.267
-748.647 -237.845 -1966.784 913.603
532.935 -1966.784 675.758 -2423.586
-152.267 913.603 -2423.586 1589.361
Det(K—wnz*M):O -0.003579556 goal seek (Set cell: Det(K-w,”*M), To value: 0, By changing cell: w,’)
- 1456.835  |rad/sec Ts= [0.004
Fourth Mode
w, K-w,,”*M
6447794.46 -3115.315 -748.647 532.935 -152.267
-748.647 -4860.225 -1966.784 913.603
532.935 -1966.784 -3946.622 -2423.586
-152.267 913.603 -2423.586 -3033.019
Det(K—wnz*M):O 0.038693318 goal seek (Set cell: Det(K-w,**M), To value: 0, By changing cell: w,’)
4= 539.251 |rad/sec T,= |0.002
Summary
Mode o (rad/sec) T (sec)
1 93.597 0.067
2 550.138 0.011
3 1456.835 0.004
4 2539.25] 0.002
NATURAL PERIODS By Equation
K, [EIg
= o\ ot
T, =1/f, w, =21T,
First Mode Ky = .52
Second Mode Ky = 22.03
Third Mode K3 = 61.7
Fourth Mode Ky = 120.9
g= 38¢
Mode Natural Frequency Natural period Natural Frequency
f, (Hz) ", (second) ®, (Rad/Sec)
1 15.323 0.065 96.279
2 96.011 0.010 603.252
3 268.899 0.004 1689.544
4 526.903 ).002 3310.631

| sec
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JjoBNO.  PS19203160 SHEET 50f9
JOB NAME 1-405 - Renton to Bellevue Design-Build
wo C‘ Supervisor WPM TAsk  CIP Noise Wall 6
e BY RUK DATE 6/18/2021
CHK'D. BY BID DATE 6/18/2021
First Mode
K-wle 325.231 -748.647 532.935 -152.267
-748.647 2020.867 -1966.784 913.603
532.935 -1966.784 2934.470 -2423.586
-152.267 913.603 -2423.586 3848.073
0.0023307 0.0023031 0.0008972 -749
0.0023031 0.0029860 0.0013339 533
0.0008972 0.0013339 0.0008870 -152
Mode Shape Plot
o = 1 0 1.000
0.654 0.250 0.654
0.336 0.500 0.336
0.096 0.750 0.096
1.000 0.000
First Mode Shape
2.000
1.000 @——no
0.000 \-'\0*0
0 0 0 1 1 1 1
Secod Mode
K-WZZM 168.197 -748.647 532.935 -152.267
-748.647 1706.799 -1966.784 913.603
532.935 -1966.784 2620.402 -2423.586
-152.267 913.603 -2423.586 3534.004
-0.0024768 -0.0034639 -0.0017352 -748.647
-0.0034639 -0.0038008 -0.0017111 532.935
-0.0017352 -0.0017111 -0.0004419 -152.267
Mode Shape Plot
o, = 1 0 1.000
-0.272 0.250 -0.272
-0.828 0.500 -0.828
-0.454 0.750 -0.454
1.000 0.000
Second Mode Shape
2.000

0.000 .\‘\J——._—r/‘ e
0 0 1 1

-2.000
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JjoBNO.  PS19203160 SHEET 6 of 9
JOB NAME 1-405 - Renton to Bellevue Design-Build
wc 0 Supervisor WPM TAsk  CIP Noise Wall 6
BY RUK DATE 6/18/2021
CHK'D. BY BID DATE 6/18/2021
Third Mode
K-W3ZM -804.125 -748.647 532.935 -152.267
-748.647 -237.845 -1966.784 913.603
532.935 -1966.784 675.758 -2423.586
-152.267 913.603 -2423.586 1589.361
-0.0015290 0.0002904 0.0013218 -748.647
0.0002904 -0.0003863 -0.0007560 532.935
0.0013218 -0.0007560 -0.0012834 -152.267
Mode Shape Plot
Oy = 1 0 1.000
-1.098 0.250 -1.098
0.308 0.500 0.308
1.197 0.750 1.197
1.000 0
Third Mode Shape
2.000
0.000 \
0 0 1 1 1 1
-2.000
Fourth Mode
K-W42M -3115.315 748.647 532.935 -152.267
-748.647 -4860.225 -1966.784 913.603
532.935 -1966.784 -3946.622 -2423.586
-152.267 913.603 -2423.586 -3033.019
-0.0010344 0.001387¢& -0.0014206 -748.647
0.0013878 -0.0023596 0.0023035 532.935
-0.0014206 0.0023035 -0.0025982 -152.267
Mode Shape Plot
by = 1 0 1.000
-1.730 0.250 -1.730
2.647 0.500 2.647
-2.687 0.750 -2.687
1.0C0 0.000

Fourth Mode Shape
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JjoBNO.  PS19203160 SHEET 7 of 9
JOB NAME 1-405 - Renton to Bellevue Design-Build
wo C\ Supervisor WPM TAsk  CIP Noise Wall 6
e BY RUK DATE 6/18/2021
CHK'D. BY BID DATE 6/18/2021
Mode Shape Matrix 1.000 1.000 1.000 1.000
0.654 -0.272 -1.098 -1.730
0.336 -0.828 0.308 2.647
0.096 -0.454 1.197 -2.687
Transpose Mode Shape Matrix 1.000 0.654 0.336 0.096
1.000 -0.272 -0.828 -0.454
1.000 -1.098 0.308 1.197
1.000 -1.730 2.647 -2.687
Generalized Mass 0.0005 0.0007 0.0004 0.0001
0.0005 -0.0003 -0.0009 -0.0005
0.0005 -0.0012 0.0003 0.0013
).0005 -0.0018 0.0028 -0.0029
M, = 0.001 0.000 0.000 0.000
0.000 0.002 0.000 0.000
0.000 0.000 0.003 0.000
0.000 0.000 0.000 0.019
Generalized Stiffness 4.681 6.123 3.145 0.898
161.715 -88.120 -267.857 -146.978
1134.037 -2490.741 699.000 2714.920
3445.227 -11922.770 18240.676 -18512.810
K, = 9.829 0.000 0.000 0.000
0.000 474.348 0.000 0.000
0.000 0.000 7334.532 0.000
0.000 0.000 0.000 122101.972
Verify Natural Frequency
Mode [0) Eigen Vaiue Equation
1 93.597 93.597 96.279
2 550.138 550.138 603.252
3 1456.835 1456.835 1689.544
4 2539.251 2539.251 3310.631
Generalized Force P, 0.000534326 0.000698984 0.000359017 0.00010245
0.000534326 -0.000291158 -0.000885032 -0.000485632
0.000534326 -0.001173567 0.000329349 0.001279194
0.000534326 -0.001849124 0.002828979 -0.002871185

Directional Vector

N e

1.5106
-0.7194
0.2805
-0.0717

0.001€94778
-0.001127495
0.000969:03
-0.001357003
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joBNo.  PS19203160 SHEET 80of9
JOB NAME 1-405 - Renton to Bellevue Design-Build
WO\jd. Supervisor WPM TAsk  CIP Noise Wall 6
BY RUK DATE 6/18/2021
CHK'D. BY BID DATE 6/18/2021
SEISMIC DESIGN PARAMETERS
Peak Ground Acceleration PGA = 0.422
Spectral Acceleration at 0.2 Second Sg = 0.959
Spectral Acceleration at 1 Second S, = 0.278
Site Class D
Site Factors: Foga 1.178
F,= 1.116
F, = 2.044
Response Spectrum Sps = 1.070
Spr = 0.568
To= 0.531
T, = 0.106
As= 0.497

ELASTIC SEISMIC RESPONSE COEFFICIENT C,,,,

AASHTO LRFD Article 3.10.4.2

- For periods less than or equal Tp:

For mode m, the elastic seismic response coefficient = C,,, = As + (Sps — As) (T / To)

- For periods greater than Ty and less than or equal T : Cg, = Sps
- For periods greaterthan Ts : Con=Sp1/ Tm

Mode o (rad/sec) T (sec) Cim Chisp
1 93.597 0.067 0.859 0.05720
2 550.138 0.011 0.559 -0.00051
3 1456.835 ).004 0.520 0.00003
4 2539.251 0.002 0.510 0.00000
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JjoBNO.  PS19203160 SHEET 90of 9
JOB NAME 1-405 - Renton to Bellevue Design-Build
woo d Supervisor WPM TAsk  CIP Noise Wall 6
\se BY RUK DATE 6/18/2021
CHK'D. BY BJD DATE 6/18/2021
MODAL SPECTRUM ANALYSIS
Modal Displacements
Mode 1 Mode 2
¢ = ul h = u2
1.000 B 0.05720 1.000 -0.00051
0.654 0.03742 -0.272 0.00014
0.336 0.01922 -0.828 0.00042
0.096 0.00548 -0.454 0.00023
Mode 3 Mode 4
¢3 = u3 4 = ud
1.000 0.00003 | 1.000 -0.000002
-1.098 -0.00003 -1.730 0.000004
0.308 0.00001 2.647 -0.000006
1.197 0.00003 -2.687 0.000006
Total Displacements
up = 0.06 in
u, = 0.04 in
Uy = 0.02 in
Uy = 0.01 in
Modal Base Shear
Mode 1 Mode 2 Mode 3 Mode 4
Vy 0.268 -0.083 0.030 -0.008
V, 0.350 0.045 -0.066 0.026
V3 0.180 0.137 0.019 -0.040
V, 0.051 0.075 0.072 0.041
Total 0.849 0.175 0.055 0.019
Base Shear
SRSS 0.87 kips
Base Moment 6.79 kips-ft
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JOB NO. PS$19203160 SHEET 1of4d
i JOB NAME 1-405 - Renton to Bellevue Design-Build
W OO Supervisor WPM TASK CIP Noise Wall 6
® BY BID DATE 6/18/2021
CHK'D. BY RUK DATE 6/18/2021
Stem Strength Design
Parameters
f,= 60 ksi WSDOT BDM 5.1.2/AASHTO 5.5.3.2
fo= 4 ksi WSDOT BDM 5.1.1.B.2/BDM 7.1.5
Arch. Treatments = 2 in
h= 10.00 in
b= 12 in AASHTO 5.10.1
cover = 2 in
Rebar # = 6
Rebar Diameter = 0.75 in
Spacing = 12 in
n= 8
O- 0.90 AASHTO 5.5.4.2
b, = 0.90 AASHTO 5.5.4.2
Check Moment Strength:
Mu = 7.36 k-ft Extreme Event
M(service) = 1.41 k-ft Service |
- 0.90
# of rebar = 1.00
Rebar Area = 0.44 in®
As= 0.44 in’

d = h-cover-(Rebar Diameter/2)

= 7.63 in
Bi= 0.85
a = (As*fy)/(0.85*fc*b)
a= 0.65 in
c=a/p;
c= 0.76 in

OMn = O*As*fy*(d-a/2)
OMn = 4.46 k-ft

®Mn > Mu ? YES

Check Min. Reinforcement: (LRFD 5.6.3.3)
fr = 0.37*SQRT(fc)

fr= 0.74 ksi
Sx = b*h’/6
Sx = 200 in®
1.6 * Mcr = 1.6*fr*Sx
1.6* Mcr = 20 kips-ft
1.33*Mu = 10 kips-ft

®Mn > MIN(1.6*Mcr,1.33*Mu ? YES

AASHTO 5.6.2.2

AASHTO Eqgn. 5.6.3.1.2-4

AASHTO 5.6.3.2

168



JOB NO. PS19203160
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1-405 - Renton to Bellevue Design-Build
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wc\ ’ Supervisor WPM
]

TASK CIP Noise Wall 6
BY BJD DATE 6/18/2021
CHK'D. BY RUK DATE 6/18/2021

Check Crack Control: (LRFD 5.6.7)

p = As/(b*d)
p= 0.00481
p*n= 0.03847
k= SQRT(pnz +2*pn)-pn
k= 0.24157
j=1-(k/3)
j= 0.919
fs = M(service)/(As*j*d)
fs = 5.50 ksi
0.6*fy = 36 ksi
fs <= 0.6*fy OKAY

Check if tension in cross-section exceeds 80% of modulus of rupture

fr = 0.24*SQRT(f'c)

fr= 0.48 ksi
0.8*fr = 0.38 ksi
fT = M(service)/Sx
fT= 0.08 ksi
fT > 0.8*%f DOES NOT EXCEED

Shrinkage and Temperature Reinforcement (LRFD 5.10.6)

A, >= 1.3*b*h/(2*(b+h)*f,)

ASin = 11 in?
S = 15 in
Try Bar #= 1
Apar = 0.20 in’
Spacing = 15 in OKAY
As= 0.16 in’/ft OKAY
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JOB NAME 1-405 - Renton to Bellevue Design-Build
W( ’Od Supervisor WPM TASK CIP Noise Wall 6
* BY BID DATE 6/18/2021
CHK'D. BY RUK DATE 6/18/2021
Wall Shear Design (LRFD 5.7)
¢, - 0.90
Vu = 0.89 kips
Shear Bar = 4
Area per Bar = 0.20 in’
Legs per Bar = 2
Av = Area per Bar * Legs per Bar
Av = 0.4 in’
Smax= Min (d/2, 24in)
S 3.81in
Vc= 2*SQRT(f'c)*b*d
Vc= 11.57 kips
Req'd Vr= Vu/d,
Reqg'd Vn= 0.99 kips
Vc>Req'd Vn ? Shear Steel Not Required

&Vn = ¢(Vc+Vs) >=Vu
$Vn = 10 OKAY

Development Length of Hooked Rebar in Stem and Grade Beam (LRFD 5.10.8.2.1a):
lgp = 2.4*d,*f /SQRT(f'.)

lgp = 54 in
A= 1.0 for normal weight concrete
A= 1
A, = reinforcement location factor, 1.3 if more than 12" concrete below reinf.
A= 1
A= coating factor
A= 1
dy = 0.75

¢, = MIN(cover,bar spacing/2)
cy,= 2
ki = cross-sect area of transv reinf.

K = 0
A= reinforcement confinement factor, dy/(c,+ki)
Aes 0.375
ASrequired = (Mu/d)/(f,*(d-a/2))
ASequired = 0.22 in®
A= 1.0 for seismic-force-resisting systems
Aer= 1.00
lg = lgp ¥ArIFAFFNFAG) /A
ly= 20.25 in
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JOB NAME 1-405 - Renton to Bellevue Design-Build
W‘ \O Supervisor WPM TASK CIP Noise Wall 6
®

BY BJD DATE 6/18/2021

CHK'D. BY RUK DATE 6/18/2021

Vertical Flexural Rebar to be Lapped with Hooked Rebar Design (AISC 14th Ed. Table 3-23-19):

Mmax = MIJ
M oy = 7.36 kip-ft
L = Height of Noise Wall
L= 11.00 ft
w= 2*M,,, /L2
w= 0.12 kip/ft

x = Height of Noise Wall -Development Length of Hooked Rebar

= 9.31 ft
M iy = w*x%/2
M 4y = 5.28 kip-ft
- 0.90
Try Rebar Size 5
Try Spacing 12.00 in
# of rebar = 1.00
Rebar Area = 0.31 in’
As= 0.31 in?

d = h-cover-(Rebar Diameter/2)

d= 7.63 in
B, = 0.8

a = (As*fy)/(0.85*fc*b)
a= 0.46 in
c=a/B;

c= 0.54 ir

OMn = O*As*fy*(d-a/2)
OMn = 10.32 k-ft
®Mn > Mu ? YES
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Footing Strength Design
Parameters
fy = 60 ksi WSDOT BDM 5.1.2/AASHTO 5.5.3.2
f.= 4 ksi WSDOT BDM 5.1.1.B.2/BDM 7.1.5
1= 12 in
b= 12 in
cover = 3in AASHTO 5.10.1
Rebar # = 5
Rebar Diameter = 0.625 in
Spacing = 12 in
n= 8
(OB 0.90 AASHTO 5.5.4.2
b, = 0.90 AASHTO 5.5.4.2
Check Moment Strength:
Oextr = 1.66 ksf Max bearing pressure applied
Osery = 0.82 ksf Service Load bearing pressure
L= 2.50 ft Heel of Footing Length
Mu = g*L*/2
Mu = 5.19 k-ft Extreme Event
M(service) = 2.56 k-ft Service |
- 0.90
# of rebar = 1.00
Rebar Area = 0.31 in®/ per bar
As= 0.31 in’

d = h-cover-(Rebar Diameter/2)

d= 8.69 in
Bi= 0.85 AASHTO 5.6.2.2
a = (As*fy)/(0.85*fc*b)
a= 0.46 in
c=a/B; AASHTO Egn. 5.6.3.1.2-4
c= 0.54 in
OMn = O*As*fy*(d-a/2) AASHTO 5.6.3.2
OMn = 11.80 k-ft

®Mn > Mu ? YES
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Check Min. Reinforcement: (LRFD 5.6.3.3)
fr = 0.37*SQRT(fc)

fr= 0.74 ksi

Sx = b*h’/6

Sx = 288 in’
1.6 * Mcr = 1.6*fr*Sx
1.6 * Mcr = 28.42 kips-ft
1.33 *Mu= 7 kips-ft

®Mn > MIN(1.6*Mcr,1.33*Mu) ? YES

Check Crack Control: (LRFD 5.6.7)

p = As/(b*d)
P 0.00297
p*n= 0.02379
k=S 1RT(pn2+ 2*pn)-pn
k= 0.19563
j=1-(k/3)
j= 0.935
fs = M(service)/(As*j*d)
fs = 12.21 ksi
0.6*fy = 36 ksi
fs <= 0.6*fy OKAY

Check if tension in cross-section exceeds 30% of modulus of rupture
fr = 0.24*SQRT(f'c;

fr= 0.48 ksi
0.8*fr = 0.38 ks
fT = M(service)/Sx
fT = 0.11 ksi
fT > 0.8*fr DOES NOT EXCEED

Shrinkage and Temperature Reinforcement (LRFD 5.10.6)
A >= 1.3*b*h/(2*(b+h)*f,)

ASin = 0.11in’
Srax = 18 in
Try Bar # = 4
Apar = 0.20 in’
Spacing = 18 in OKAY
As = 0.13 in’/ft OKAY
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Footing Shear Desizn (LRFD 5.7)
b, - 0.90
Footing Width = 6.42 ft
Stem Width = 1.00 ft
Critical Section = Ls = (Footing Width -Stem Width)/2-d
Ls = 1.98 ft
Vu = q*Ls
Vu = 3.29 kips
Shear Bar = 5
Area per Bar = 0.31 in’
Legs per Bar = 2
Av = Area per Bar * Legs per Bar
Av = 0.62 in’

Sma= Min (d/2, 24in)
S 4.34 in

Vc= 0.0316*B*A*V(f)*h*d,  LRFD5.7.3.3-3

A= 1 LRFD 5.4.2.8
B= 2 LRFD 5.7.3.4
d, = MAX(0.9*d,0.72*h)
d, = 8.64 in
Vc= 13.11 kips
Req'd Vn=Vu/d,
Req'd Vn= 4 kips
Vc>Req'dVn? Shear Steel Not Required

¢Vn = ¢p(Vc+Vs) >=Vu
$Vn = 12 OKAY
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